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IMAGE UNDERSTAND ING AND INFORMAT ION EXTRACTION

Research Summary

This report summarizes our research progress for the period May 1 , 1976

through July 31 , 1976 In Image Understanding and Information Extraction . The

object ive of this research is to ach ieve better understanding of i mage structure

and to Improve the capabil ity of image data processing systems for extracting

Information from image ry and conveying that Information In a usefu l form. The

results of this research are expected to form the basis for technology rele-

vant to military applications of machine extraction of information from air-

craft and satellite Imagery.

Our research projects can be categorized into six heavily overlapp ing

areas: Image Segmentation , Image Attributes , Ima ge Struc ture , Image Recogni—

t ion Techn iques, Preprocess i ng, and Applications.

IMAGE SEGMENTATI ON — In the previous quarterly report, we descri bed a

technique for accurately estimating edge locations wh ich Is useful for appli-

cations requiring mensuration . Burnett and Huang have continued to pursue

thIs wo rk, which uses a discrete position finite-state Markov process model

to p roduce accura te wid th est imates from b lurred and nonl i near observa t ions

in the presence of signal—dependent noise. It is shown here that the proposed

• algorithm Is optima l when the states are known a priori. Experimental results

are given for the case where the states are estimated from the available data.

Taking a different tack, Yoo and Huang report a clustering approach to

image segmentation. This approach, somewhat different from earlier approaches

• to segmentation by clustering, involves four rela t ively d i st inct steps:

(1) feature extraction, (2) clusterIng of the features in the feature space,

(3) transformation of the clustering results back into the Image, arid (4) seg—
mentat ion based on clus ter boundaries in the Image. Examples of applying this

L approach to various mages are provided.
- 1
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IMAGE ATTR IBUTES - We continue to pursue the analysis of shape and texture

In Images. Results of recent progress with Fourier shape descriptors appear

in the APPLICATIONS section. Some new results of our texture research are

descri bed by Can ton and Mitchell. 
.

IMAGE STRUCTURE — Tree grammars have proved to be a usef ul app roach for

characterizing the syntax or structure of images. In an extensive report

Fu arid Keng describe the use of tree—gramatical rules for the description of

“objects” such as hi ghways and rivers. By using additional semantic informa-

tion , they have extended their method to the prob l em of recognizing bridges.

Further results of using a syntactic approach appear in the APPLICAT I ONS

section.

IMAGE RECOGNITION TECHNIQUES — Pursuing the use of contextua l information

for stat ist ical class i f icat ion, Pu et a?. have discovered that the form of the

Joint probability measure defined for the “random field” description of the

• 
- image must meet certain functional constraints. This may not prove to be a

serious restriction ; however, further results are not yet availab le. They are

also developing simulated data sets wh i ch will help to eval uate methods pro—

posed for extracting spatial (2—dimensional) infomration from multispectral

remote sensing data.

• PREPROCESSING — Two—dimensional complex cepstrum analysis has been shown

¶ previously to be a means for stabili ty analysis of two-dimensional recurs i ve

filters . O’Connor and Huang discuss the use of this form of analysis for

enhancement of Images blurred by certain point—spread functions. They are

developing a software realization using the Fast Fourier Transform and have -
•

applied it successfully to filter stability analysis.

Berger and Huang have experimentally compared two methods for image

• ~~
. restoration in the presence of noise. The Projection Method and the Singular

- - ~~~~~~~~~~~~~~~~ 
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Value Decomposition did not yield very different results in the cases in-

vesti gated, over a si gnificant range of noise levels. From a practica l

standpoin t, however, they found the Projection Method can utilize a priori

information about the image, if available , and Is more efficiently applied

to images of larger size.

APPLICAT IONS — Proceeding with their work, reported earlier , using Fourier

shape descriptors for the analysis of airp lane shapes, Wallace and W i n tz have

developed a normalization method which is not susceptible to noise prob lems

as have been previously reported methods. They are now anticipating the in-

tegration of their method wi th automatic boundary-finding procedures in order

to automatically detect and recogni ze airplanes.

Dang and Hu~~j report some preliminary results from their work in locat—

ing airports In LANDSAT imagery. They are using a combination of spatial

f requency fil tering and syntactic analysis.

Mitchell describes the direction s being pursued in the recognition of

tactica l targets in FLIR imagery. This is a joint project with Honeywell

Systems and Research Division.

-
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IMAGE MEASUREMENT

J.W. Burnett and T.S. Huang

I. In troduction

Our last report (I] showed how a discrete position finite state Markov—

process model could be used in conjunction with the Vite rb i algorithm (VA) to

produce accurate width estimates from blurred and nonlinear observations in the

presence of signal dependent noise. This report shows the algorithm is optima l

when the states are known a priori , and presents experimental results on the

algorithm ’s performance when the states are estimated from the available data.

The Optima lity of the VA for Discrete Step Edge Location

Recall [1] that a sequence ~~wil l be decided over any other sequence ~

when

p(.~j~ ) P(Q > p (
~~~
) P(~) ( 1 )

As before let all permissible sequences be equally likely. Then (1) becomes

(for all permissible ~~and ~~
) decide ~ over ~ if

p (
~k) 

> p (.~.k) (2) -

It is well known [2] that this decision rule minimizes the probability of

deciding sequence ~ when £ is the correct sequence. Now for step edges, each

~ uniquely corresponds to an edge location . Thus the estimate of a step edge

location produced by the VA (with the stated assumptions) is the minimum prob-

ability of error estimate . Therefore if is the probability that the edge

is mislocated a points by the VA and ii is the probability the edge is mis—

located a points by any other technique iT —~cz~ 
Let n”~ be the number of

points the edge is mislocated by the VA. Let n (n+ 1 , + 2 , ...) be the number

- • 
of points the edge IS mislocated by any other technique. Then
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~l E l n i - EIn *I Z f a f 

~~~ l a f  ii 
—

*— E fa f (~ -ir )a aa

> 0

or E J n J > EIn *I (3)

Equation (3) shows that on the average the accuracy of the VA cannot be improv-

ed upon. Fur ther if ~ f = I~
”f then

Var (fn f ) — Var ( f ~* ( ) = E ( f a f  - I~~( ) 21t
cz 

- 
~~ ( f a f  - f~~ I)

21r
a

2 *= Z a (ir — i r ) > O  (4)a a —a
Thus the variance of the edge location estimates produced by• the VA cannot be

bettered by any technique that is as accura te.

The Optima iity of the VA for Discrete Width Measurement

• With the assumption of independent edges let

* 
= Pr(n~”a) Z iT~~ it (5a)

and

‘3a Pr(n a) = Z it
8 

ITa_8 
(5 b )

As noted in the previous section it ~ ir
~ 

for any y. Thus term by term the

summation in (5a) is less than or equa l to the summation in (5b). Therefore,
- •

*p p . (6) •

a — a

- ~ - .~~~~ S
-

-
,r 

______ —
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By arguments similar to those in the preceding section
. 1

fn~ f < Efn f (7)

— : and

Var (f n*f) Var (fn f) (8)

providing -E fn~ f = Efn f. These last two equations show that the VA produces

the most accurate and minimum variance discrete width estimates possible.

Relation to the Continuous Case

A single measurement by the VA will be an intege r number of sample points.

Since there is no physical reason the size of any given object will be an in- -

teger multiple of the sampling interva l some constraint must be placed on the

Interval between points to prevent loss of measurement accuracy due to the

discreteness of the estimates.

Suppose the width of an object is considered to be a continuous variable

and that a maximum likelihood estima te of the continuous variable is available.

If the signal to noise ratio is high enough the estimate w~ produced by this

- . technique will be normally distributed with a mean va l ue equa l to the true

width and a variance given by the Cramer-Rao lower bound on the variance of an -

unbiased estimate of w [3]. Since w~ is normal ly distributed with 95.k~ con-

fidence the true width can be expected to fall in the interva l [w
~ 

— 2
~CR’ 

W~~ +

20CR] (3] where °CR is the variance predicted by the Cramer-Rao l ower bound .

If for a particular prob l em w~ is 31.5 sample points and °CR is .1 sample

points , it is reasonable to expect the true width is somewhere between 31.3

s and 31.7 sample points. The closest width estimate the VA could produce would

be 31 or possibly 32 sample points.

Assume for the moment the probability that the VA decided wD(WD an integer)

sample points was the probability the continuous measurement fell in the

tk1~ ______ ______________  ~~~~~~~~~~~~~~~~~~~ - ~~
• •

~~~~ 
~_~

_ ~~~~~~~ 
- 

~~-
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Interval (W D, W D+1] sample points. The probability of deciding 32 sample points

would be

Pr(w,~ 32) 
— Pr(wC > 32) = Pr(WC 

— 31.5 > .5)

w — 3 1.5
= Pr( C 

.1 
>

Similar arguments may be made to show Pr(wD 29) 0. Thus with high probabil—

1 -ty repeated measurmenets will all have a va l ue of 31 sample points so that un

less there is “jitter” In the sample position s the bias will not be reduced by

- 
- 

averag ing several measurements .

The prob l em can be avoided by specifying that the interva l ~X between the

samples is sufficiently small . As a rough guide

~X < 2a~ (

seems reasonable. This rule limits the bias due to the discreteness of a

single measurement to a maximum of 0CR and at least makes it possible for some

reduction in bias to occur by averaging severa l measurements.

Simulated Width Measurement

A pu l se with a width of th i rty sample points simulating a scan line across

an object to be measured was generated on a computer (see Fig. 1). The line

was convolved with a Gaussian line spread function . The blur had a standard

deviat i on of one sample point and was normalized so that the coefficients sum-

med to un i ty. Each blurred intensity sample bk was transformed to a density

sample 
~
‘k 

by

~‘k = log b
k 

+ .15 (10) -

to simulate the D — log E curve of film. Independent normall y distributed

j • -

~:c
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noise samp les w ith zero mean and standard deviat ion

— .1 y
3• 

(11)

were added to each va l ue.

Different SNR’s were produced by varying the intensity l evels of the orig-

i na l  pulse. For this example the SNR was defined as

SNR = 
jmaximum change in density due to signa lf (12)maximum no i se standard deviation

Some blurred and noisy .lines are shown in Fig. 2.

The simulation was performed with the Intensity levels assumed to be un—

known. Eighteen training samples from each of the two density l evels were

selected. For high SNR ’s the selection of training samples that are well away

from edge locations is easily accomplished by inspection of a single scan line.

At low SNR’s selection of training samples is easily done by inspection of the

light intensity pattern for a SNR of 2.25 (see Fig. 3).

The training samples were averaged to produce density estimates h(a
1
) and

• h(;
2). These density l evels were converted to intensity levels a1 and a2 with

the D — log E relationship

a~~ 10 (h (aL) 
- .15)

(recall the blurring coefficIents sum to one). The sample mean Is not the

optima l estimator of the density levels h(a~) for this problem . The maximum

likelihoo d estimate for example would make use of the knowledge that the variance

of the samples also depends on the dens i ty levels. However, thIs es t imate re-

• quires the roots of a pol ynomial be found. It 51s dec i ded the additional corn—

pute r time required to do root finding would probably not be worth the decreased (1

varin ace of the estImate and so the sample mean was chosen.

—
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— The results are shown in Figures 4 and 5. Two hundred noise sample func—

tions were used at each SNR. Figure 4 shows that estimating the levels from

the available data has very little effect on accuracy. Figure 5 shows the var-

iance of the estimate is increased slightly as expected from (I].

A Cylinder Problem

Consider a polished metallic cylinder on a black background of “infinite ”

extent. Illumination is from a light source “infinitely ” far away so that all

light rays striking the cylinder make a un i form angle $ with the horizontal

(see Figure 6). The observer is located directly over the cylinder and “in—

finitely ” far away.

The light intens i ty In the direction of a reflected ray is [6]

reflected intensity = CR5(a) (13)

where C is the incident light intens i ty and R5(a) is the ratio of reflected

energy to Incident energy as a function of the incident angle a. By the assump-

tion on the observer’s position and distance the light intens i ty in the direction

of the observer i s CR
~
(a) cos S where S is the angle between the reflected ray

and the vertical. The problem is to measure the radius of the cylinder.

The problem of measuring the radius has severa l interesting aspects. First ,

the i deal reflected light intensity in the direction of the observer Is not con—

stant but varies wi th position on the cylinder. Further , surface areas of the

cylinder that are not directly illuminated by the light source cannot be seen

due to the assumption of a black background. Finally since no diffuse re—

flection occurs (due to the polished surface assumption) the areas of the cyl—

inde r that are directly illum I nated but do not reflect incident light toward

the observe r a lso cannot be seen.

At any posi t ion X along a scan line across the cylinder the norma l vector

— ~.as... lLa &.S..__ 
~~~~~~~~~~~~~~ 
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to the cylinde r surface will make an angle 0 with the horizonta l where (from
Fi gure 6)

w - X
cos0=

W

or 

w - X
cos~~ ~ 

I - 
(14a)w2

w1 center pos it ion of the cylinder —

— rad i us of the cylinde r

The angle of incidence a Is given by

(14b)
and

S = o  + a - -= 2o - ,  -
~~~~

. (14c)

observed intensity = CR
5(a) cos S (14d)

A cylinder based on the model of equation (14) was generated and is shown
in Fi g. 7 A scan line across the cylinde r is shown in FIg. 8. The center
point w

1 Is at position 46, w0 is 15 sampie points and

.54 — .042a 0 <a 1.3
— — 

(15).4854 + .3276a 1.3 <cs

The cylinde r was convolved with a normalized Gaussian line spread function with
a standard deviation of two sample points. The blurred IntensIty samples were
converted to density samples with equation (10) and noise with standard dcv i-

ation given by equation (11) was added. A blurred and noisy scan line is shown I4 in FIg. 9. If the radius was the onl y unknown quantity a mInimum cost

I __ _  — — — 
— — _________
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es t imate w
0 could easily be computed by the VA. However, there is a “nuisance”

parameter w
1 
wh i ch is also assumed unknown.

Assumin g the product CR~ (cX) is known in equation (14d) an ideal scan line

I is uniquely determined by the parameters w0 an d w 1 . Therefore to maximize

p(!II)I (16)
I— I

va l ues of w
0 

and w1 are chosen to maximize

p(~Jw0,w1 )I (17)

w
0

=W
0

w
l-Wl

or equiva lently to find

H
mm Z Ln p (zkjwo,w l

) ( 1 8)
w0,w1 k=l

This minim ization can be performed by inspecting the available data to establish

ranges in which w0 and w1 can be expected to fall , choosing an initial va l ue for

w0 from its possible range, and then finding a va l ue of w1 (from within its pos-

sible range) that minimizes (18). This procedure is repeated with the next pos—

sible value for w
0. The costs of the two va l ues for w0 are compared and the

va lu e of w0 that has the lowest cost is stored as w0. Iteration proceeds by

f i nd ing the va lue of w1 that minimizes the cost of the next possible va l ue of w0.
A

The m inimum cos t of each poss ib le value for w0 is compared with the cost of w0.
A A

If the cos t of w0 is less than the cost of w0, w0 becomes the new w0.

Twenty independent measurements of a cylinder radius were made using the

technique described above. The results are shown in Table 1. The range of

________ _______________ ~~ ~~.--~~~~~~~~~ S __ -_ - ~~~~. .I~ _ ~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~
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Tab le 1
Radius -Measurements

A A

True rad ius w0 Variance of w0

15 14.8 .16

possible values for w was taken as ten to twenty sample points and the center0

position w
1 
was assumed to be between sample points forty and fifty. Approxi-

mately seventy—five seconds of computer time were required for the twenty

measurements.

Measurement of a Road

A 1:5000 scale black and wh i te negative taken with Kodak Plus X Aerographic

film was obtained and digitized on a flying spot scanner. The sampling rate was

ninety—six samples per millimeter and the data was quantized to 16 bits though

only the first 330 levels were occupied. The scene is shown in Figure 10 and

shows an intersection of two grave l roads in Warren County, Indiana (the wh i te

spot on one of the roads is due to a parity error on a magnetIc tape). Figure

11 shows a close—up of one of the roads and Figure 12 shows a scan line across

the road of Figure 11 . Five hundred training samples from one of the roads

showed the average density was .942 with a variance of .00213. One thousand

training samp les from the field surround i ng the road had an average density of

.669 with a variance of .00236. The nominal film properties were obtained from

Tarkington [4] and Paris [5]. The frequency response of the image blur was 
-

~ 

- -;
assumed to be the product of the film frequency response

T (f) - 1 
2 

(19)
l+( ~;)~
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and the response of an i deal diffraction limited lens with a cutoff frequency

of half  the samp l i n g ra te:

T
2

(f) - ~~ (cos~~~~(~~~ ) - 
~c
/

c
)2 )

(20)

• f — 48 cycles/rn
c

Fi gure 13 shows the line spread function corresponding to equations (19) and

(20).

Ten independent measurements of one of the roads were made and the results

shown in Table 2. The variance of each 
~k 

was taken to be .00213 if corres-

ponded to a state where i k was a sample from the road or .00236 if 
~k 

correspond— -

— - ed to an i k from the field.

The variance of the digita l measurement was 1.15 sample points squared and

H the uncertaintity indicated in Table 2 represents plus or minus two standard

-; 
- deviations.

An optical measurement was made with a magnifier and reticle marked in

tenths of millimeters . Table 2 shows the results and uncertaintity of this

measurement.

The site of the road was visited and the width f round to be l8’— ll” with

a tape measure. There is a fair amount of uncertaintity connected with this

measurement. The edges of the road are characterized by vegetation wh i ch can

overhang or encroach upon the road by several inches on eithe r side . Measure- 4 -

ments on similar roads varied from i8’ 6” to 19’ 10”. Therefore, the true

wid th of the road the day the photograph was taken is not known exactly.

1 - 

~~~~~ The Cramer—Rao bound O
~R 

was calcula ted assum i ng the dens i ty levels , var-
I iances and line spread function used by the VA were correct. This variance was

1 

1.23 sample points squared which is reasonably consistent with O
~A~

- . - 
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Figure 13 The line spread function of the
film— lens combination
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Tab le 2
Road Width Measurement Results

Method Road Width Width on
on F i l m  G roun d

VA ilO .2 s.p. + 2.1 5.74 in + .11
— (l8’io” ~ 4”)

Optica l 1.1 5rn + .05 5.75m + .25
(18’lo’’ + 10’’) -

(

~

?11tr

~

6

~

s)

F i n a l l y , the effect of the cutoff frequency f in equation (20) was cx—

ami ned. Line spread functions for different va l ues of f were cal culated and

the ten measurements were repeated. The results are shown in Table 3.

Tab le 3
The Effect of f on Wd th EstimatesC

Width
(cycles/rn) (sample points) Variance

56 ~I 110.3 1.20
48 110.2 1.15
40 109.8 1.1

32 109,1 .96

- 
•5.I~~ I - -

.

Table 3 indIcates the width estimates produced by the VA are not overly sensi-

t ive to imperfect knowledge of the degrading system. -
~~~~

- -
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IMAGE SEGMENTATION BY CLUSTER I NG

M. Y. Yoo and 1. S. Huang

I. Int roduction -

Two—dimensional photographic images consist of several fundamenta i pic-

torial components. Each component has a more—or— less different property or

characteristic to human visual perception. We may roughly call these compon—

-: 
j  

ents textural components or simply textures. It is almost impossible to de—

scribe the textures precisely because of the abundant variety of them in the - -

real worl d, whereas it is highly desi rable to have even a rough measute to

distinguish these textura l components.

Zucker (1] tried to model the textures based on the concept of “primi—

t ive ” and regular or quasi—regular patterns , bu t his  app roach is far from

being practical. A more practica l approach to texture is Haralick ’s [2] ap-

plication of textural features for image classification based on the spatial

dependence matrix.

The Set of possible descriptions of a picture is often so large that it

Is impractica l to describe the picture by assign i ng it to an element of this

set. Instead, a more practical description may often be given by partitIoning

the picture into objects and assigning each of these objects to one element

of a set of possible descriptions of objects.

Segmentation is the partition i ng of images into several basic textural -
~~~

components , each of wh i ch has si gnificantly different propert i es, (statistica l,

topolog i cal ) .  There have been several appr oac f~es In this direction . Fishe r

[3] tried to partit ion the p icture func t ion in to a “unimoda l subse t” which

means conceptu a l l y  a subset hav in g only one “hi ll” in the intensity values of

the points in the subset and Gupta (4] and Kettig [5] adopted the statistica l ~
. :T.:

hypothesis—testing of local mean and variance to detect the boundaries in 
;

— I
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closed forms and applied this approach to data compression and classification.

The human visual system Is an excellent textura l discrimination and

Julesz ’s (6] experiments show that not only the statistica l but also the topo ’

logical properties of images are important factors to textural discrimination .

So the best textura l discriminator is the combination of statistical measures

and topologica l properties of images. Topol ogi cal properties usually are de-

scribed by either sytactic methods or some algebraic measures.

We are not at this point in a position to combine the statistica l de—

scri ption with the syntactic description in an appropriate way; for the present

we are mainly concerned wi th the pure statistica l or the pure algebraic

approach. The approach which we propose consists of extracting pair features

usin g a 3x3 moving window, “eyeball clustering ” of features and back—trans-

formation of the feature plane onto the original picture domain. This approach -j

is motivated by the different types of pair feature distributions for 16

d i fferent textures shown in Brodatz (7] . (See FIg. 1 for four examples; the

horizonta l axis is sample standard derivation and the vertical axis denotes

sample mean. The size of the feature plane is 6’e x6k.)

II. The Image Segmentation Algorithm

The image segmentation algorithm wh i ch we propose consists of three

major steps: (1) feature pair extraction , (2) clustering of features, and

(3) segmentation. The feature extraction is the most important step and is

the ext ra cti on of a certai n measure which rep resen ts the l oca l charac teris t i cs

of the image is a reasonably simple form.

The clustering of features Is quite dependent upon the features chosen

in the first step. If Idea l features were chosen, the features are well

clus tered in the feature plane and clustering is trivial , otherwise some 

. ~~~~~~~~~~~~~~~~~~~ - . — - - - - ..—-. --- - — ~~
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heuristic clustering algorithm or “eyeball clus ter in g” should be adopted.

The segmentation is the back—transformation of the clustered features onto the

original picture domain in the segmented image form. The way of presentation
- 

- of segmented pictures may be either displaying the boundaries between different

textural components of the image or display of differen t major textures In

separate picture domain.

In many applications (data compression , shape description , c l a s s i f i c at ion ,

etc.) the location of boundaries between different textures is i mportant In-

formation so we have chosen the display of boundaries.

The detailed description of the three steps will follow.

A. The Feature Extraction

The extraction of features is a very important part in image segmenta-

tion . The best features may be the detailed description of the structural

relationship between the selected p i cture array an d i ts sur roundin gs, but this

is very complex to be implemented for computer processing. A reasonable mea-

sure which is significantly simplified but still contains major information

about the selected picture array is the statistica l or the structura l char—

acteristics within a window of appropriate size centered within the array. We

may lose some information by thIs simplification but in some sense this ap-

proach is more reasonable than detailed information for the textura l discrimi-

nation. Natura l images usually consist of many or several textures which are

smoothly varying in shape within the same pattern rather than strictly webbed

and every picture array may be I dentified as a different texture by the de—

tailed description .

Mul tidimensiona l features require significantly increased memory size in

the computatIon and it is also impossible to see the clustering in the hyper—

feature space so we have worked with feature pa i rs. The three feature pa i rs
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which we have tri ed are the fol lowin g:

1. The local sample mean and the local sample standard deviation .

(x-m,y—n) (x-m ,y+n)

n

m (x,y)

(x+m,y-n) (xsm ,y+n)

Figure 2 Local window used for local opera t ions

Let P(x,y) be the picture array. Then the local sample mean M (x,y) and the

local sample standard devIation S(x,y) at the array point (x,y) based on a

local w i ndow size mxn are:

x+m y+fl
M(x ,y) — (2m+l .l(2n+T) I I P(p,a)

p x-m a—y-n

x+rn y+n 1/2S(x ,y) 
(2m+l )

1
(2n+l ) z z {P(ii,c~) —

p x-m a y-n

2. Local minimum and local maximum:

Let D {(cz,8): a — x—m , .. ., x+rn, ~ y—n , ..., y+n ) then the loca l
minimum and the local maximum are 

—

MIII (x,y) — minimum P(a,~)

(a,8)cD

-i 

- -

MAX (x ,y) — maximum P(a,8)

(a,8)cD

3. The number of the loca l “j umps” and the average magn i tude of the jump:
H - L

~~ compare two adjacent points (in all directIons) in the local window I

~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~ 

~~~~~~~~~~~~~~~~~ 
______
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and if the grey level change is greater than a preassigned threshold value we

assume there Is a jump. When we count the number of “jumps” we consider the

“jump ups” and “jump downs” and two successive “jump ups” or “jump downs” are

counted as one jump with a large amplitude. We take the total number of jumps

in the local area as feature 1 and the average magn i tude of a jump as feature

2.

feature 1 = total number of j umps in the local
image of size m xn

feature 2 = the average magnitude of a j ump in
the area

B. The Clustering of Features

There are many different approaches (8—12] reported for clustering data.

A simple and pract i cal approach is I SODATA (Iterative Sel f—Organizing Data

Analysis Technique (9]). In this algorithm several important initial cluster-

ing centers are picked up and assigned :~~ dl5 Each sample point is merged

into the nearest center based on the Euciidean distance. Based on the initial

grouping, new clustering centers are cal culated and If the new clustering

centers are the same as the old ones the clustering process is terminated;

otherwise the same kind of merging process is repeated.

The Euclidean distance may be modified if the extracted features have - 
- -

significantly different magnitudes to avoid the “masking effect” of the dom—

inant feature, as follows :

d — /W1 (M2
_ M

1)2 
+ W2(a2-a 1)

2 
.

- :~ 
Where M1, ~ are the mean and standard deviation at each sample point. The

- - . Wi ’
s are weights. I SODATA Is easy to imp l ement but does not give smooth

boundaries in the feature plane. .

_______________ - 5.. ~~~~ 5.5. -
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The graph theoretic approach is a more elaborate clustering algorithm

(12]. For large sample size this algorithm becomes bas i cally the same as the

valley seeking approach. The algorithm gives smooth boundaries but requires

an extremely large memory size for two dimensiona l data sets and Is not prac

tica l for large samp1~s (61ex6 ’i is the largest data size for practical appli-

cation but further reduction of data is necessary for efficient use). “Eyeball

clustering ” is the r.,ost accurate and is very flexible because we have complete

control of the data. We look at the data and cluster them in arbitra ry groups

based on our previous experience. “Eyeball clustering ” is used for this exper-

iment because automatic clustering is pract i cally impossible by the ISODATA or

graph theoretic clustering techn i que for very large i mages.

C. The Segmentation

This is the back—transformation of clusters in the feature plane onto the

textura l components in the original picture domain. Diffe rent clusters in the

feature plane correspond to different textures in the original image domain

and the number of textura l components depends upon how many clusters we allow

in the feature plane. An alternate way of segmenting images is l ocating

boundaries between different textures.

Resulting boundaries form closed contours except minor Isolated or clus—

tered noisy points when we set boundaries be tween dif ferent textura l components.

Once the clustering of features is complete, the textura l discrimination in

the picture domain is determined and how we transform the clusters back onto

the picture plane does not affect the l ocations of the textura l components.

Therefore , there is no preferred direction In texture discrimination processing

(compare with the BLOBS (13]). More clusters In the feature plane g ive finer

boundaries in the picture plane and this algorithm is a type of parallel top—

to—bottom approach.

- -: 
_
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III. Experimenta l Results

-

J 

We calculate feature pai rs  a t each picture array point using a 3x3

moving win dow centered at the array and normaliz e and quan t iz e featur es to

appropriate levels. The number of the local jumps is a fairly small integer

and does not have to be quan t i zed , but other features are quantized to 128

levels such that the maximum l evels of a feature is 128.

Computer plots of the feature planes are shown in Fig. 3 to Fig. 10. Only

major clus ters show up in the computer l i ne  p r in t ou ts and our “eyeball clus—

tering” is based on those of the line print outs, and these gould electrosta-

t ic p r in ts are used in conjunc tion wi th l i n e  pr in ter ou tputs of the same in-

formation to locate the initial cluster. Typica l line printer output cor-

responding to Figs. 3 and 4 are shown in Figs. 11 and 12.

The density in the feature plane denotes the total number of picture

points in the origina l image plane which have certain feature pa i rs corre-

sponding to the coordinates of the feature plane. If there Is a dense cluster -

(Fig. 3) In the feature plane which may correspond to a large textura l corn—

ponent of the orig inal picture , some other small clusters corresponding to

small textura l components do not show up in the feature plane and renorrnali-

zation of data excluding the data contributing to the dense cluster is nec—

essary to see minor clusters (Fig. 4). Actually in  many cases, the feature

plane has several clusters which give major boundaries in the pictorial plane.

- 
- - The s.gmentation based on the local jump is not quite adequate for the

pictures “Girl” and “Professor” and we did not include them in this report

Sample clustering regions are indicated in Figs. 13 and 14. The reg ions shown

in Fig. 13 are based on the clusters in Fi g. 11 . The regions in Fig. 14 are

based on the combination of the original dense cluster (Fig. 11) and the sub—

clusters (Fig. 12). Each clustering level in each feature plane was

~~~~ ~~~~~~~~~~
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transformed back Into the original picture domain and the corresponding picture

I 
) 

array is given the same level. So different textures in the picture domain

have different levels corresponding to the levels of the feature plane. We

arbitrari ly set a boundary on the p ic ture poin t w it h the hi gher level when two

‘ different levels are adjacent. Boundaries of three different pictures (missile,

gi r l , professor) based on three different feature pairs are shown in part (A)

of FIgs. 16 to 19 and Figs. 21 and 22, and Figs. 24 and 25. Part (B) of Figs.

16 to 19 show the over display of the boundaries on the original picture and

gives some idea about the accuracy of the algorithm .

The boundaries shown in Fig. 17(A) are the combination of the major boun-

daries (see Fig. 16(A)) and the boundaries detected based on renormalized sub—

features (see Fig. 4 or 12). The single isolated noi sy points are dropped In

a l l  cases except in Figs. 16, 18, and 19. For Fi g. 19 we used a threshold

va l ue of 30 when we calculated the feature pa i rs.
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FI gure 1 Feature plane for sample textures.
Abcissa is standard deviation.
Ord inate is mean.
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Figure 3 Feature Plane (missile)
I l  Horizontal AxIs: Standard Deviation

Ver tica l Axis: Mean
SIze : 128 x 128
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Ii ~~~ Figure 1 Sub Feature Plane (missile)
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- Horizonta l Axis ; Standard Deviation
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Figure 5 Feature Plane (missile) 
15.Horizontal Axis: Local Maximum

Vertica l Axis: Local M inimumA 

Size: 128 x 128
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Figure 6 Feature Plane (missile)
Horizontal Axis: Numbe r of local Jump
Vertical Axis Average amp of the Jump

:~~~~~ 4 Size: 20 x 128
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Figure 7 Feature Plane (girl)
- ,~~~~ ~ Horizontal Axis: Standard Deviation

- Vertical Axis: Mean
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Figure 8 Feature Plane (girl)
Horizon tal Axis: Local Maximum

• Vertical Axis: Local MInim~in 
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Size : 128 x 128 i.
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Figure 9 Feature Plane (professor)
Horizonta l Axis: Standard Deviation

- Vertical Axis: Mean
Size: 128 x 128
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Fi gure 10 Feature Plane (professor)
Horizontal Axis: Local Minimum
Vertical Axis : Local Maximum
Size: 128x12 8
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Horizontal Axis: Standard Deviation
Vert ical Axis: Mean

- — - - - ---—— 5. -5. 

.3

~~ s—- - - -——5.- —5.---.~ — - -~~~~~~~~~~-.—~~~~~~~~~~ ~ ~~—



-.
~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ ~~T1 ~

.

-

~ ~ 

50

•I S I , 5 . 0

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~ I I  ~ I I I•114 II 00 . 000.  1 4 3 4 ( 1  ~ ISfli  5. 444 114.41

-5. •4IIlIO.., . . ,I  9 0 0 0 0 0 5 . 0  I . O I I C I 0 1 1 G  I I I  5.110 ) 14130 ill I S 4444.! I l *SI l I i  I 431 4 130, 0 4 0 4 ~ I , I  .4
I~~SC I 4 I . l 0 I I , 5 . , 0 I f l . G ,  3 . 0 W  3410110 1 441 III ~ 00414 5. - I l l  I Al III? ’ P .I1114 Il~~1 3 .4~
I V l G 0 4 I O % 4 S l 0 G V C 5 . I O 0 4~~5 . . O 4 4 4 I I O U I  •‘ aP i _ I  0 0 4  101 110 1 •I l~~• I l 40 l I I ~ I 4141 II 141 131411
14100I43 , 4 I d 440?1444 i . I I O I4 I S OOI 0 •O 1015. 31*11 100 0 0  413,0 1 4 3 3 4 4 4  1 I • I 1  II 140 11,401
•S0I , l l05 .00I I I .0 I  , , i 4 I I I f l 0 0 1 , 0 0 0  05. 5 . * ’  0 0 4 3 0  131 I I I  I I I — .  I 4 I ~~ 14& 1111 1 041
l0I~~I O I 0 0 , I I S I O I 3 f l 0 , I I I G , l O O ’ ?  O ~ ~ 31 iI0i ! ’00~ . 100 ~ ~ II I Sl ip . . 4 5 . 3 0  04 045. II ‘II -
.V4I I I I IOS • 10113IOr  3 4 * I O C u C  3~~0 O O Q l S 3 , O 0 , 0  ,, , O i  3 o 4 I . 4 4 0 l l 5 . O I I l~ I , ,. I I . l .I . I G I , I I I  I .• .. . I.SISI; .s0.n010.. .ssn•.i  I:.
•3I4OIIB%4I.IIIOg 4o r~ oo o n s  O % I 0 . I 0 0 1 4 1 1 I I 3  30300,0 I I C 5 . 0 , O 1 4 l 5 . 0 l 4 ø 0 I l I I I S . . . I l 0 l 4 I I 3 0 l l , I 4 0 l~~4II0 Sfl1b111•400h10411 I041 4 h141~~~~~ -
3 0 0 0 0 0 I G 0 0 1 W I 4 4 0 0 0 % I 5 . l , G 0 5 .  : 4 O 1 0 0 C O ( O 0 G 0 0 3 1 0 0 0 5 . 0 l O 0 O~~0 O G I I C 4 I O O I S I 3 4 I 0 i 4 O 0 4 0 l ~~I 0 4 4 • 4 4 4 0 I II • 0 0 • I I 4lS0 l• l 0l I l I I I I I I 0 I •I l 4 I I • SI l l 4 4 I
• I O I I I G 3 D 0 3 k O I & O O t

~~
- . 1 ’ I v  , 5 . 4 O P P 4 0 0 0 l 0 0 1 I I 1 0 0 0 C 4 1 0 0 1  O,,It r4II, . .4.0I•~ 0II0*eI0IIflhlIII144104I4l44~~1.3011t l1 41. 0hIh ’ ’

• S4 3 0 14000301340  4 f l .~~ 5. l J ,  0 0 5 5 . 5 .  0015.0 , f l 5 . I  I — ? i - • t 1’ 5. C o I , eo~~,0 . C i I : I  O 3 3 , I I O ~~I O I I 5 . i O I I , l , I t I 3 4 d t I f l 5 . 5 . 1 0 C5 . 0 U I I•I 0 I f l I ’h ’4 0~~
IG•1000fiOlIi004 OV ,rl~ I). ICC — : 00l 35.F . ,5 . , 0i5.~~~3I0 05. 00. ‘.•tO .1. ‘t~~ 5.III.,l., ,O,I. .1 .. ~ 5.,IIlII4~ IIl 0I40I’~~~l
1,010* 10,015. 4 4 0 0 0 0  I 5 . ,~~I 5 . , 5 . t ’5 . G i i , , U I  5. 00 ,C r - .00105...OI . ~~~I , ” 0 O l . r j t I ;  S I O O  1 1 1 1 . 5 . ,  . 1 -  - ,  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
41 3 I 63 0 A 0 1 1, O 3 0 0 0 I  .‘5.Ji5.J . o o i r . : 5 . 5 .  :- , I _  3 . 0 5 . .  - 0 . :  ~~ — 5 . . .  I l - I - _ I -  , 4  0s - ’ ” 5 . ;  4 .  ~‘.~~~ ,I I 0 0 0 I , , I I I , O O ~~.i
•~ 040IIBbl9OO4I5.OD0 - - ‘;- -- O .L - J - 5 . 1 i 5 .  fl .~~ 

, ,eI t’ t 5.Q)~~~, 0 5.01iO .~~~i . ~ O 5. _flI ..5.5..;OIOIII011I?001,1•%

•I*l*O300I OQÜ O IOGO YI .,u_1i5.tfl~~~,. 1.0 ~- t .  ~ 0 - ., t5.5.O 5. .IJ .5.5.1tI..~~~~~1.O.~~~5 .t ..I,. .I.i ,.II., Ii

r - 4tl3bO fl fl3IU O 35.3345.P O~~~~JO , 0.-. 1 1 : 0 0  i’i5. ., 5.. ,00 b1~ O,I~~~~~~! - . 5 . i L ~~~ 1t~~~~...5..%II3ISSi*Sl~ OS5. -5.t

44GP O0IOOftI O 0440
~

l tf l  .5.,.03 OO C - 1 . - :  .,Ii,.0030IO O5.;. - /5.4 ....5.II~~~5 ..•fl-5. I0I1.,4l’I ’III’

5. •lI00II3,owVIOO00OoebI,; o~~~I O -5.,ç .5.- 5.0,1 ~~~~~~~~~~ ;.; ~~~~~~~~~ — -.05.5.’ .li3Ic 0. OOtGGC ..*iO l SS . , 5 . ’ t t - ;C5.04011IIO IIII,5.II
lactIc O,O~~~I UlIOflIC-~ 5 .t&I.Jrl . 0 5 . ! 5 .  . :~~~~C i 5 . I (~~~I5.5.~~ e5.,,r5.ccI tV 5 . ’~~~~. IG 4I..441411 0S•IllI0l0l~ 4I04I

•41031 105.015. 0100,0 It OQ ~ 5 .5. -0 V.’ I  ~0I3 5.3 C .—I1 ~ 5. 015. - .• 5. ;~~O: • 5 .~~ , o I i 5 . .  0,0~ 1-.c.C’~ 0,
- i,,tcc .4l,GI.el0.4lt ,,11Ill45.”3I1~~~aI

0 4OI0fl* Jfl OOVU~ 4QIOO5.C .OI J .j~ §5.05.1, 
, _ . 5. 3I *05.N. ICO-O)1 31 30, 05. .5.0.0 15.05.10’ ‘ C , , c~~~C O 4 O 3  I ;,n. 3 5 . 3  1 5 . . I 5 . . O J  ; . . G I l I • l 4 I I G I I 4 0 1 . t

.II000040III0101-334 3 5 . 0 5 . 5 . 5 . .  IC I- — ’ - 5 .  I Ot 5.flh5. (neal.,- 4;OI o.o;a ,01iC5. .5.r.IO%ISIII{40I .0.13.. -
94010103034I%I000IQI.C 00. 10 31 ~ . 3.r .i:5.0vQ I4G?~~GiI o0&OCl 00 ,00- .1101 %~ 34V15. 441IIIIIII I3CSI5. O 4 4.5.1.-~~.I.0IIl,si’S44l,5.l

0 t 000 3100400, IIIJ000i- - -U, 5., . - CII. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
110,01 000005 .  II. 5.0115.,. 5.5.. 0 . - ~ 5.00. 0 Q 5 . Q - ) C ~ i . 3 3 0 P I 5 . 1 t - O 5 .  0 0 1 0 1 5 . 3 0 1 0 0  0 I l  C 0 _ L I f l I I 5 . 5 . 1 1 4 1 3 I 0 C $ O % 5 . 3 0 , 5 . 4 1  . ,4~~.. I I . I , ,S45 .  . 0 5 . 3 1 3 3
len s o on . .OQ*I O5.fl *~ 5.fl ,5.C 5 . ) I 1 I O0 GOC ~~r:’_5. ~O :O-*?S1011000105.,110 OO ,O.,’. 5.45.14Ø5.5.34,34IO5.lbIlII,G5. i.~~~4t I4ll400lI305.0I4lC~
In 0 0 0 0 0 5 .  0 0 0 0 0 0 0  O a O P 5 . ~~5. 3 & ~ I d O 5 . . 5 .5. 4 0 0  0 0 3  - 5.~~5 .O4 ;3  00 0 0 5 . 1  5 . IO .O 1 3 % l , 4 4 f l  0 0 1 n o l l* I O , l n ; O b , c 5 . 3 I ;  .. . 4 5 . 5 . 4 . 0 1 4 3 4 4 1 4 4 1 5 . 5 . 1 0 5 .
43000 00300 00000 I0330 o~ r ,~~~o.eI ,~~- - . D D I~~~ J.,ct- t ~~5.~,It5.Il?IIIR0P *II?,..0llI5.I4II5.I0I4ll0 I0tGlIlCI. ~~ 0 5 . -  5.~~5 . 5 . i ;~~.I 4 l l • 0 l 4 l 4 4 0 4 5 . 3 0~
•3GD lOIa,I Q3OO O0 0ecC .tO (

~~~
. , 3  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

•V C 0 3 5 . 0 3 0 3 3 0 3 3 *D I 0 U I  5 . 3 . 5 .  . 1 ,  1 ~ I 0 0 5 . 0  000i . fl030C ,003;311000005533III5.,IOD100310II%3 .lOi$.tl;flfl4t ,,i:I. lIt*~ I0l,,fll’’5I1&t
•0l I f l&I f l0D00I0IO0Q~ 5.t 5 .5 .5 .5 .5 .5 .  ~ 0 0 3 1P 1 5. 5 . I 5 . O , , 0 5 . O r , O * 3~~,, I I Q O G I 5 . O 1 ) O , C I 3 l . , l O I , I * 4 O , t Q I O ~~l I 1 I O O { I C 0 G 1 1 5 . I & 5 . 5 . 5 . S l 5 . . 4 l 1 . l 5 . I & f l b 5 . h ’ 1 h ’ .
IlI40

~
Ofli45.II0IOj0Q0 . ~~5.o;c5.5.~~~t~ . ;irlrO,0000i - O*030000410110000104%I,..I00113 10?I00700I4 O IOI’ 5.5. CL. .5. 45. * i5. ,c5..s1..oI,;.CIII I :

•5.I300%00040% 4Q I5.O5.0L0 0.0. ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
.5. 4 I 0 ’ 5 . , -

~~ 
0 0 0 S 0 0 0 I  0 0 5 . 5. 5.fl . I ~ 5. - - ‘~~~5. 1 0 ’t O  I ’ r 5 . O r 5 . O I .  IOI I $I I CA.13304. . .00110041005 .13 J ~. C C  5 .0 3 ,43  iO .5 .& .3 5.005. 1 1 4 C 4 I 1 1 . I D O D C I I D

5. - • G O I 0 1 0 I O I O U 4 G I 1 0 00.- I O 0 5 . 5 . .  3 ’Oe ~~ L 0 0 0 C , ,  0 0 1 1 . 0 5 . 3 0  I * 4 I t t 1 3 0 I t 0 l ~~t I 3 , , 0 l , I 0 I 0 3 l l O 0 5 . 5 . 3 t l 4 l * C  0 G . . L * 4 4 1 5 . I . . . C , . 5 . 0 1 0 I 4 1 1 4 3 , l 0 4 1 0 4 I
I5 . I  ? S I 0 3 0  0 0 3 S I  Q O 5 . 1 O ~~ 5. 0 5 . 0 5 .  ‘ i L o O O 5 . . ~5. 0 3 O I f l O C  5. - 5. - I~~C I •  3 O t 0 0 0 3 3 , 1 0 0 3 0 4 0 3 0 0 . 0 G 3 0 0 0 1 0 4 0  5.0 0 0 3 5 . 1 0 3 5 . 1 1 5 .  fl I 0 0 . 5 . 0  5. L 0 5 . 5 . 0 0 1 1 4 1 1 0 4 3 1 1 0 1 *5 . 1
35.0 1010000U4I 0,1,0,0 iI ~ Q5. I.,11 _~ 0I5.~ 5 .tIOIO3O030OOOIO3o.oCIOOIOI0l3 ~~LE0I~~5 .etO Q I35.1O3I 1 3 t ~~,5.5. :*4141145.II III5.30
l 4 0 4 0 0 0 3 0 0 , 4 Q I , l 3 0 4 0 5 . , C  I 5.~~I 5 . 3 I t  10130 1 3 1 4 , 0 0 1 0 0 3  5 . 5 . 5 .  1 0 0 0 0 5 . I 0 1 0 3 0 G I I O  I I O • 0  .00*1 . 5 . 5 .  i ’ { 5 . t . C I I L 4  3 5 . 0 5 . 5 . 0 0 0 1  i~~l 5 . 5 . 3 0 & 4 0 0 e I S 4 l l 0 I D C ’ 0 I i G 4 5 .
•4I I O I 1 0 0 0 0 I O O , 0 , I U I Q C 5 . 5 . I , O , 0 * 0 0 1 1 0 O O 0 . . I .  01001  5 . 5 . - P I no  . I l I I O O l 0 I I t O . % I O O I O t G C 0 O ~~t 5. C G 2 C t l Q I C 0 I 3 4 I • O & ” e ~~~t i ? 8 4 4 D b I & 3 h u t 4 I 9 ~~’
I4I,00034I.O0,C4000 Ifl I 1 5 . _ 0 5 . C~ .0 i5. *5. OC 5.i~~~O ’ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
04140000305.300001031 5.Z,:~~,O 5. ,I,Orla 5.0C C 0 0 1 V I I O  5. 5 . : O I P  ‘ 0 0 0 0 0 3 0’ ’0 0 0 1 0  O~~~~ O~ 04~~0O 0~~~5 . C t I 5 . I 5 .~~l4 0 l I O Q & O I 5 . l Q l i~ 5 .15 .3I I*.l l l I3001l I ler
•010000I5.o5.I30000100- 5.5.~~~O,I V3O~ 5.I 0I 0  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
S0 0 0 0 0 1 0 0 0 1 0 1 1 1 0  j ,~ I *5 .5 .~~~~ 5 . 5 . I~ IO O4 I I O I 1 . 0 3 0 4 ;  ~ : ~~ !C O C I V C - O O C . 5 . 5 . I  .~~i O t D ü O { S 0 V O 3 , I 5 . I % l t I 5 . 5 . 0 I 4 0 4 3 0 l ’~~’h 14’1t
31010304635.44I5.5.Ø4%35. ~~~~~~~~~~~~~~ t 3 ~~tt~~~O O 5 . , t  .,.i5.-0O,5.5.5. 30% G ’ • t ’ 5 . ’  - 5 . 5 . 4 O i : , C @,O 0 5 . $ I 3 0 I 3 C 5 . 5 . O 0 C I I l I 3 , S~~,344~~I 4 I I # 5 . 4 C l l I I 5 .
1104 U O O - , 0 0 5 . U I 5 . 5 . I 0 0 0 C - ’ I i~~~~~3 I 3 3  15. 5.5.0 00 0 ’ i’  . O - O f i 3 t . O 0 C t~~~~ 0 5 . _ C 0 . - . — 0 1 0  0 0 1 0 05. O~~~ 5 . t . O 0
III 00005.0 00000,0 .05.1-Il .1 ;~r . 33 300 0 ,10 0000 - O5. tGt 11000.,5.,I OOrCrCt l Z 5. OSG1010014 *CVGn SOG I10000100140 C I40100I113

I” I 5 0 5 . 3~~3 0 0 0 1 0 1 0 0  - 1 0 - - ~~~~~ C O O O  I C 5 . 5 . ’ 1 1, I 0 t I O O 5 . * c P . t ’ r I , , , O I O 0 0 I 5 . O O t i 5 . I 0 f l I I I C ~~4i~~I 5 . 3 0 C C  0 5 . 5 . 3 . 4 C 3~~l l 4 4 l I 4 0 1 4 4 4 l
001005.0 0 0 1 0 ’ 0 5 . Y I I O 5 . f l  C .  - .~~: j~ . .0 5. ’ l t ( . 5 . r O _  , . r O ; 0 0i , , 0 0 Ir 5 . .  ot 5. I . 0 ~~0 C L 0 5 . l 3 •  I 5 . 1 1 0 4 . l 5 . 4 O I C t I O I 5 . C I * O I 5 . O I I O Q 0 1 1 I 4 I G I f l I 5 .
l5.S 1,003*  0 1 00 , 0 0 0 I , O t (  ~~~~~~ C ’ . 0 l 3 I s I . 5 . ’ 0 1 0 0 r .- ’ I r 5 .  t 1 ? I . O O O O - , r 5 . ’ l 5 . C U c ~~I I ” .  0G 3 1 0 0 1 0 0 3 I 3 1 0 0 I 1 0 0 1 1 , 1 1 4 0 4 0 , 0 1 1 0 4 0 1 1 4 1 1 0 5 .
IIIL100IOII410 ,t , i f l b . 1 1 1 C O t . , 5 . 5 . 1 1  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
.5..- 0,0 0 0, ,  I I I O I ’4,000.  - 5.- 1 5.( - . I 5 . t~~~L , ( C 5 . O 5 . C t C 5 . I I . . O O 1 I O 0 5 . I 0 C I & O 5 . I O % 3 4 I I I O I 3 4 1 V 0 G I I 5 . I O 0 0 5 . 3 I 0 0 I * I I * O I Q I O I
900 C O O C t O  05.5.0101005. , 5.~~~t ,5 .  , r I ~~~~U . 

- 0 1 0 N r -  P O L I G G I C O  1 0 0 3 I 0 , . 0 0 0 3 I 1 0 0 0 I 5 . 5 . I I 0 0 1 I , I 0 t 5 . I _ I 1 C & L 5 . 1 0 I O G J 3 1 4 D 1 0 1 I 0 0 0 1 0 I 0 3 3
110,35.. f l 5 . c 4 . V O I U O I . D o  0 _  C 5 . ? 1 1 o I I 0 , - O O C  i~~~~~~ - . 0 . 5 .  000 0 . t i O O .~~. — 5 . Q 0 5 . l O C b 5 . O I C 4 .~* 4 I 1 0 O 5 . i  a 5 . I C 0 0 1 , 5 . o 5 . 5 . e w 3 O V 1 4 0 0 0 1 1 0 1 I I I I I 5 . 4 ;
003405. O’IU ~ 3 0 0 3  1 0 3 0 5 . V 5 . 5 .  - Ob~~~t 0 0 O. _ C —  I 0 ? 5 .  1 - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
I,, l O O i ~~~ i ~ O 0 0 l O 3 v C ~ . r 5 . 5 . . t J 5 . Q ~~O 1 O ( O . J 5.~~i i ~~ G (p 0 5 . 1 ,  - i 5 . 1 ~~I O 5 . 1 O 0  0 3 0 1 0 0 . , 0 0 , G I O 5 . I 4 0 1 0 5 . 0 0 I 5 . I 1 0 1 C O 5 . 5 .  ~~ l1 G 3 Q 4 O 0 0 4 I l l I l I 5 . 3 I l I O 5 . I 3 I I
4 1 0 0 0 0  0 0 0 1 0 ,  00,  I 5 . f l v~~~c c .  - . : 5 . 5 . 5. I _C - ’ . O ’ t 1 O ~~~ ( J O  O C i 5 .  ~oø . . . IO ~~O I o 0 l O - O~~~0 ’ I 5 . 5 . 0 , O I r 0 . G -  o c 5 . , : I 5 . 4 5 . I I I c I I I • 1 0 1 0 1 5 . 5 . I 1 1 4 1 5 .
4 5 . 5 . 0 4 0  0 1 0 0 5 . 5 . 0  5. 5. - ? t ~~_ J 0 0  C a ~O’ - ‘14’’. -~ - ~~‘~~5 . 5 . 5 .  3 0 00 , 0 4 0 0  O , A , 0  . 0 0 1 1 0 0 3 1 I Q I G t I G 5 . 0 1 6 I I O I ; O O C C 5 . I . 5 . 1 1 0 U 1 0 1 1 1 0 3 4 1 0 I 0 1 0 0 1 5 .
•300*000—aa000000, r - .J - ‘- ‘C ri ’~~1’ r t  0 0 1 0 0  1- ‘ I  C 1 5 . 3 0 I e 0 C 0 5 . O I I O , . ? 5 . J 0 C I 5 . 0 I I ? * I *~~C I I I 5 . 4 1 I 5 . O O O O  I : 1 3 0 . , l C 5 . 5 . I 0 0 1 1 1 I O I S I I C 5 . 1 O 1
•I_ ~~ O G 0 0 3 0 1c 0 0 0 0  I~~ ’ 3 5 . 5 .  .i t . 1 5 .  ~ £ 3 1 -  5 .0  ~ 5 . O I O C * 5 . O r O O C 0 1 0 I ,  0 I l 0 l I O 0 l l O O 3 0 O 0 I I I O 0 I 0’ O I C O Q I * 5 . 0 0 V I 1 5 . l 1 I 4 Q l 4 1 t h1~~0 0 ’
l.0 0 0 0 , 0 4 0 J 0 0 1 0 4 0 I O G 1 C .  5 . 5 . . J 1 3 3 f l i I 5 .~ ~ 0-  I~ ~~~~~~~~ . ~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
•ICIO0 000000013303 Cfl 5.5.5. tO. C ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
•I 1 0 0 1 0 0 0 0 0 G O I I  t ,0 1115. 5. 0.  . l~~~ Q I % O ~~I i O V l 4 C O i O 4 , C ~~O C 0 3 . . * 4 O I 0 0 O O I 1 & O I 0 I I S { O t 0 0 5 . b 1 G 5 . 5 . I I G 1 0 5 . 0 D 0 0 5 . I t 0 I 5 . 1 l 0 h h t 0 I 1 t 0 ’
,01,no,naao II-v~ - I  .- t 0- - , I - ’  I.5..O tOol 0000IIIOOII0000.I000010103314000 D IIIOIO5.44 100S II14l frt l0%4l4l401 10 91C ICtt
5 . I 1 ? f l 0 f l % 0 A G I O 4 C ~~uI  5. . 5 . 5 . , ,U *  . ( 0  O r . O - -  - ~ O 5 . , 0 0 D 5 . 1 C I l O O 0 G O O O 0 , O . t I * , I 0 I I 0 4 I I G I 0 I 3 G 4 I 0 l 0 4 4 5 . ~~0 O O b 0 G b 4 . 0 0 3 4 t 1 l I 0 4 i h I 0 I 0 G 3 ~~~ 5.
4 41 I 0 0 0 0 0  0 0 0 0 0 5 . 5 . 0 5 .  5.~~ , 0 J 5 . 5 . 5 . 5 .~~ 1O~~~ C 0 O f l I ’ U C 5 . t O e O C r  3 0 5 . 1  I 0 5 . O C~~0. 0 1 1 I 0 0 0 1 0 1 1 3 0 Q I O I 0 0 0 1 1 0 I 5 . 0 5 . I O C 5 . 1 0 C d I I & O I O I I I I I O I % 1 0 0 0 0 0
I.. 010000 05.40 O II P ’ - ~0 IO5.J~~ )~~~~I1, iC ( ~~~~~~~~~~~ ~.a~ co*oaooOna,o i5. O~~~’ 

3It%III,G1I0DQ,400IIIOCIOOIC,I0IC5.~~.eCIIO0Ie9IIII*3CI:I5.

~ I % 0 O O 0 0 A 0 Q 0 4  I S O 5 . , O l 1 5 . 5 . 1 , 0  _ 5 . 0 11 ~~ 5 . ( i I  i~~~iJ~~ . .C .5.  5 . O 5 . O O 0 i 5 . O O 5 - . r 0 3 O t 6 I I C 3~~I O I I G 0 3 O l  01b 0 5 . I 0 I 0 5 . 5 . 5 . O O G , 0~~I I I I I , C 4 0 I I , I
•3000000403010 5. 1C1- , t..n5. - C~ P 3 ( i 0~~5 .5 . (5 .~~~C t i ~~iI  ,P **t- 3O,t- l ~~1, O~~~ .t 0 ~~o O I % O O 0 , 0 0 I l I 0 5 . O I I C 5 . C  5 . 141001101  , ‘I 0 , I SI l l 0 I 0 I ~~lO 5 . C % 5 .
•I00I0003O*~ I ,t,Q~ i r-5. C )o . -,‘i - O V 0 i  ,-QvO3’o I,40l5.~~CbL 35.0 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
0,100000000IlO,,u C . C O 0 t . ~~ 

- - 1 5 . 5 . _ I f l O~~~ r O C  3 . r - , I 0 0 . I~~~ 5.c . i o~~3 r c I 5 . . . . 3 I~~e o O I o { : 4 n o O o 4 ; 4 c O l I o 0 I e c ; 5 . c G v 5 . o c I o 3 0 l O o t 4 ; I I C I * ’ 5 . i f I
lI0GaIO ?000IOO 00~~9—o -t tOt ,’5.5.’ ~ 

( ç j I 0 i ’ ~~~ ’i C i 1 I 3 0 3 0 0 . 0 0 5 . 0 5 .  5 . ’~~• ! 5 . 5 . O 5 .  I O I I O O 5 . C I C P , V I O C I O O , . 5 . o c ; , c e o . ; I , s 5 . I 3 1 0 4 1  4 5 . a 3 , i
4000 ,0  0 00 3 0 ,  0 5 . 5 . , r r 5 . L  0 5 . :  _ & Q 5 . 5 . O~ - ~ ‘lI I , .003i1000033031 I0*0C ~ ~ :~~Cf~~IIC ,*It COIlOOI5.tC C15. S O5.C II , 5.31.40 11145.5. C .5.o.:;s3
l l C 0 0 0 0 0 O 5 . I 4 0 0 C V C . 5 . C j 5 . , O .  1~~~ ~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
0,0 0 0 3 0 3 0  0 U 0 I O I 0 ~~~_ t ~~.5 .  _ 5 . 5 . C~~~ 5 .3  , 5 . . 5 5 . , I D f 5 . - 3 5 . l D 3 1 0 3 1 1 I 1 3 0 . ? O I I O 5 . O ( % 3 1 3 i ; . 0 5 . I I 5 . 5 . 5 . 5 . 5 . 5 . 5 . I C 1 Z O C C . I I I 4 U O I O I I l 5 . I 5 . l . C l .  :5.
I I I 3 0 0 0 0 0 0 , 4 1 0 9  OOo ~~0~ 5. 0 ( 5. O l O - ~~~ 5 . 5 . 0 5 . 0  , . , 5 . , i o . . ’ 0 1 3 5 . i f  ,0 , 6 0 I , 3 , I O , . c , I , O , ’ 0 0 % . e 0 I . t t 3 r 1 O I I 1 Q O 5 . 0 5 . I ’ O 5 . I~~~49 I I I O 1 I O 3 3 $ ’0 5 . 5 . 1
•0O lflO?0O 0 I00I0GIOPi5.tGI~~15.C 5.’15.5. . 5. — - I 5 . r  - O I 5 .  ~~~5.i~~~I C I I 0 l 3 Q 0 I I I O 5 . , . . ~~l 0 G I C C 5 . 0 I O O 5 . 1 . 0 5 . 1 5 . .  I 5 . I 5 . 4 1 I  1 O ( 0 3 0 1 I 5 . S 4 0 1 1 I 5 . 4 I 0 5 . 5 . I 5 . 5 . 5 . G I
I 0 O I , 0 I 0 O 0 t 0 0 0 u . ~~C I O ~~l O t I .  - _~ 

- C - :  ~i5. _
_ _ o •  ~‘ C  4 00 0 5 . 0 0  I 0 0 0 0  3 0 0 0 0 0 5 . 1 1 OQ C c i C 5 . , C .  3 5 . 5 . I C I f l I I O 5 .  C 5 . C 5 . 5 . 5 . O 5 . 0 l , 3 O I O O O . t 0 5 .  O i l , ~O

I00 01I030II000030( . I~~Q ._). (rO 1cC (5.O °° .ri (-5.D CO ICOI O IIC Of O CSC. *aI C3 e 0~~~OI
• I O I 0 G ? 3 ~~OUI G 0 O O 0 O , . , O  i~~~ 11 . O r . : , —  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
•5.l ~00OO0i ,005.k000-Ot O C .; 0 r . ? ’ i I - 5 . - z ; . 5 . - c o I n o e o c r r 5 .c o;oar5.rooI5.5.tc5.cl .nC5.5.~ c5.05.5.OC3%G?5.III00IIIlI045.IOOI5.*CICIII

• I I I 0 0 0 1 5 . O I , 0 1 I 0 0 1 , - 3  c C _  4 0 1 0 3 0 ° 0  l 5 . : o o ~~lI Q G t O C l I 4 O 5 . 5 . l G 5 . 0 f l , 5 . I t 5 . 0 - I~~~ 5 . t 4 l l l f l h 0 I I o l O I 5 . 5 . 0 f l C O
•0 0 0 0 0 0 0 0 f l lO l , 0 0  05. . I . . . 5 . _ 0 5 . 1 O t i  - ~ C r  .~~~Ir04lO 0IlGC0l0O O’.’ICOIOOIOtOIC . 5. 3 t t t . I I C C I  O . ; 5 . S 4 I I O I l I C 0 l I I 5 . G I 5 . I l t O e ~

4 •000001030IIIIGCIM-i5.00 I 
IIII000000I ID401IO,0i 5. 0 0 0 - 1 1 O~~ 0 0 .  .COI1 C0O03*000OOOOI .l0,0I5.0 4O 000b03b3tbdbdb0b00,05.h45.~~ 1fl,1hI10t0 0fbflt

101IOIIOOI111I11335.r5.IOO.
• l 1 0 0 I I 3 1 0 1 0 3 4 l 0 0 0 0 0 0 0 0 . 1 5 . 5 . 0 0 3 ( , 5 . 0 ? 0 l l 4 O 0 3 . O 0 0 % 0 0 1 ~~l 0 Q l l 0 0 l O O 0 0 0 O 0 4 ; . 0 * t  I 0 0 l t ! l 0 C W 0 5 . ~~I l l l O l I I l 5 . 4 0 0 o l G b l l 9 . l l I 5 . I l l S l 0 I l 1 1 f l 1 f l l 1
• l 0 1 0 3 0 0 0 0 1 0 0 I 1 0 0 0 l l l l l i ,  O l M 4 0 0 0 0 0 f l O l O l 5 . , * I 0 1 1 1 0 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 5 . 0 1 0 0 1 1 I I l 0 0 0 l l I 0 J 4 1 f l 0 l 0 0 0 0 0 0 5 . 5 . t h h l l a I I IOh lfhthI’ *
JUl100100011014005. ,lOII 0 5 . * i 0 ( ’ 1 1 O 1 I C C 15. o OOl Ot000 11001000001I00000000100140:Il5.00011IO331G0001011LII 5.01111141*10100111310
I I 1 0 0 I l * . . 0 t I i - I 5 . 5 . -. ~ 1~~5 . 5 . 1~_ O .1 5 . 1 1 . 5 . ?  0 0 0 1 0 0 0 1 * 1 0 0 * 0 0 4  t0l0ofl, *001I .~~~l I 0 * 0 1 _ 0 0 O r 0 0 O1.lL00llI3Ct*01lO 1Ol0ll101 ~~ lIll4 3 11lIIl
1411000000301I0i - 10*1 1 1 0 00 .5. O :o, .,’ ,001cOr30010:00000000 ,.OlII-103010301I .0001GI{l010133, 1 0 0 1 3 0 0 0 3 l*I I I 0 1 1 I I I I I I I I I I
1 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 Z  0005.0 C5.11 - ( 5 . 0 1 1 0 0 1  * ? 1 O I 0 ~~O 00 0 0 0 1 00 0 0 0 0 0 0 0 0 0 . 0 0 5 . 1  S11000100110t000C0l11,000IllI1011110111S00
III001I001I’Ol,CO 05.135.5.5... ? 1 ,(01,5. f l.  :10405. 0 1 0 0 4 j r* O : 0 1 1 0 0 0 0 0 ”*  0 0 1 0 0 1 0  , 0 1 0 . I I 0 0 0 0 0 0 0 0 1 1 1 & l 1 0 0 0 1 l 1 1 1 1 1 0 I t St 1 00 I l 0 1 0 0 I C

•01010I0 l ,0101o1’ 10 0 ( i  I 11, 0 1 1  , i 4 • ,0 O i 0 O 0 ~~0’. 0Gl 0 0~
5 .i l5.I00.>010lIcl3• _ tIetOI00ic 0O00400ll00llI0l10*O3l4blOI5.Il0IOllI*II9IS0400l

•I 4 0 0 0 1 0 *f l l  0 4 0 0 1 V 1 5 .  l , 5 . , , 1 0 ’ 0 5 . 1 , 5 . 1 5 . 1 * 0 0  V ? 1 1 0 V O ’ ?  C 0 * 1 0 0 1 1 0 0 0 0 0 0 I 1 0  0 0 1 1 1 0 1 0 C l b t , 1 1 4 1 0 0 0 1 1 1 1 1 0 1 0 1 1 1 1 1 0 1 1 0 0 0 0 1 1 1 1 0 l 0 0 0 1 0 1 1 5 . I *
•4fl’0 l ’ ’- 0~ I O O N . - 1 I l 0 0 0 4  .15.,101 0 5 .0 0 0 5 . 5 .  - 1’, 0 l 0 l’ 0 ? 0 O  310,111 0 0 0 0 , O O O 0 t r 0 1 1 0 Q 0 0 . t I 0 0 l 0 1 I 0 0 0 0 0 0 * I l l l I I l S O l l ~~l l I I I 0 f l 1 1 5 . I 0 l l
0 1 1 0 1 0 0 0 0 ( 1 0 0 0 0 0 0 0 I I I O I I 5 . I V ? l  1 1 1 :  0 1 1 1 1 0 1 * 5 . ’ 1 O 1 5 .  , 3 1 0 4 1 0 0 0 0 0 1 . 0 0 , 0 C 1 V 0 0 . l 5 . , Q 3 l 0 l I~~~f l 4 l l d I 0 S I l l 0*4 I 0 I l 0 0 I t l l I l 4 0 I I I 1 O
.3, 0 0 1 0 0 0 1 0 I I I I ; ? 5 . 0 , * 1 ( ,  . , V 1 1 3 0 0 0 ’ l l  0 0 0 0  fl ,*1*03llO00l(0lt,..0,01 *0OO0OO I00100I0I01*0O00O0I05.3l30IIIll1~ IIIO0II 005.1 —
,4OI,*I,,*I0*II?31Cl~~ 0;05.,’OlI - O I , 0 , ’ l , l O O . I l I 1,101 1I’1 . l 0 0 0 1 f l ~~0 5 . t (  5 . 0 . 0 5 . 1 0.105.000 11010 1l , c3 0 0 1 0 0 1 0 1 0 1 1 1 1 1 . . 4 0 0 I I I I I 1 1 0 1 0 J I I I I I O I
I l l  1 0 1 0 0 1 0 0 1 1 1 I J 0 5 . ’ ( 1 1 C . 0  10 . V l o~~? c o o  5 . ? V L ~~~ 1 J 1 0 ( 1 4 t 0 * t O 0 V , . : * 0 1 ? I 1 0 0 I 0 I a 3 0 0 1 5 . t ’ * l I l l l l I 4 0 . l I l l 0 t l I l I l t l l I I * l & l O I 0 l l 0
Il000I%030000110100010 00V10’ ‘l4 ,V1100 .0001000 VIIO 15. ,**0*0 0V5.I3 0.000.15.00I*OlI*1l003400ll*4*0Itb ,~ 0ll 30ClIIblIII0l44*l*0II1
,0100100000III100101.? J0*. 0,.000 *0110- •‘‘113000i5. 004l11000IOI110C?O IOI-10000100I ,’J0001 005.0lt1l004 *ll01lIlIl4lI4I3I~ 4lll 010I
. I 4 0 0 * 0 0 0 1 0 0 0 1 0 0 5 . , 0 0 1 1 ?  0005.1 1105. .00000*0 l ’,t V 0 0 0 3 1 0 1  1 00 10*0 00 0 0  .1C 130010114101011110104101401111111110414
I 1 1 0 0 0 0 0 1 l l l I 0  o 1 , I 1 1 1 0 0 I : , a . r r  0 0 1 ?  1 1 0 0 . l C r V l l [  V O ? 5 . 1 0 1  1101 1 1 0 0 *  t l 0 0 0 1 0 1 0 0 l 0 1 1 0 I . ‘ l5 .j 010011010010I31 S0141110111011015.
•Il 0 % 0 * 0 l 0 3 l 0 l . 0 5 . 1 1 .1 I J 5 . 5 . f l ~~0~. 0 V S ? 1  0 * 0 0 0 * 5 . 0 J 5 . G I . 5 . ( 1 0 1 0 0 3 l 0 0 0 1 0 ~~~00 0 l 0 1 , I 0 1 0 r f l b 0 I 5 . 1 1 0 5 . 0 I h I b 1 1 1 1 1 3 1 ” 0 1 1 . 1 1S*0~~~0 0 l t t 0 9 1 0
IIl4llO,O00O0I0 0lI~~ll01lIOI’0 0I0 5.01010’ ,- ’ 0100,I V1.1001 -’?*’It0 (O ” 0 0 0 0 0 0 0 ’ 5 . 3 0 1 1 , I 3 . 1 1 0 0 1 1 1 1 4 1 1 0 0 1 1 1 0 * 1 0 1 1 1 1 1 0 1 0 1 1 4 0 4 0 0 1 1 3 1
3~ 0e,0,4,*OS00l0,,00,l,5.1300 0000101. - - OV” O Il l-lI 0000111013101,I0II0.I103I00011400111311•I*I41 0I0001III
II0101l031l1100I000000,3?. 1 1 &  - - Ii0, ’15.0 ,100 14 .1*000 00 0O130*00ll. 01l I.~ C C0,0110101010411I14111010I5.1 00110011
1310011100I1004300015.1_ fllOll000C100 000,0.l,35., 4~~I I0L 1100’ lP) 400I00101..0.0,b0131101301l,I1O11030llIlSI*110l0I010101
t0~~I I ~~*,., l I 0 l 0 o 0 I . O t o 4 , 1 5 . 0 1 . o 0 ’ 5 . 1 I 0 1 ’ -  1 0 0 1 ’  01 ’? 0110 05.10 I0’~~0G 0 1 1 0 0 0 0 1 1 I . 1 1 0 1 0 5 . 0 0 0 3 0 1 1 1 0 1 4 1 1 0 , 1 1 3 1 1 1 1 0 1 I 0 1 0 4 1 0 1 0 0 0 0
•n 001010,nonn0000 40’ .i000?110i0l3000 ?*0.rll; .1 0l’Ol 0 0 0 0 0 l 1 0 1 l O I 1 1 *I 3 1 0 1 0 *4 0 1 3 1 1 0 0 I 1 3 f l 4 0 1 1 1 • 1 1 1 $ 1 0 0 0 , h b 5 .
11011001 1044?0 I l00031 . l . 0? . . 0004041 ’ , ( _ _ _ - ‘ 1 ’ 5 . l _  1 0 1 r ’ 1 0  • 1I 0 0 O 0 0 * 4 0 , & l l J 0 I l 0 e ’ l V l 0 l 0 0 l l 0 l~~I I I f l I l f l h I I I ’l l 0 0 0
J J l l , *S , 0 0 1 4 0 1 4 I , 1 0 1 , 0 .11 5.11:0 0 * ; ’ V 0 1 O 0’~~’ I O ?  0*4 ’ . lI’ ,5.V000 0~~0000 . ’ 1  IOI IOOI303_ 0000000105 .101004144110111141110311 11001000
il0I’0lII31II4II00IO,000l,0’i5.~~, 3~~0l .3 I0~~’ ’ O O ’ 4 0 .  ‘1 0 5 .  1 0 1 1, 0 0  0 4 0 . . O I l , I l O I I 0 1 0 l 0 , 0 l 0 1 I l P I 3 l 1 0 0 1 l 0 ~~I I l I l 1 l l l I I* l l I l f l ? 1 O l 0 0
4 l t 1 0 % I * * * * * * b 0 0 * *D . 3 . 3 l . , 1 ? 1 0 5 . 0 4 _ 1 _ 5 .~~*,’ t t 0 ; 0 t 1 ~~00e10*0S,105 .0O’0 l l**5 . I0 lb ’ t0005 .* l t * l t *l3”* l I ’1%t *b3S ’I t t f i 03 l t ’0 ’ ’1*1 t
0 l I40040Ia I I I *I I0 I0

~~
l0 l 0 1 1  1 ( 0 0  0 5 . ’ : -  ‘0 0 0 1.0  - . I - , , J 0 0 1 0 I  ,01 . I’ • . 0 0 , 0 1 3 0 1 0 1 . 1 4 I 3 0 4 1 3 0 0 3 3 1 l 1 3 0 4 1 4 3 0 0 3 0 0 1 0 1 3 3 4 1 * * l t I 0 0 0 . . O

I J *IO0l0000110304110011lC00001 .  b * 1 1 0 1 0 0 0 3 ? I10 0 3 0 0 0 1 ,* 0 0 0 0 0 3 0 0 0 0 0 0 0 1 1 1 0 . . 0 I , I O I 1 0 1 I * I ( 0 4 0 3 4 0 0 1 I I I I I I $ 1 3 1 1 1 1 1 0 0101
l 3 1 0 0 0 3 l 0 0 1 I O O l 1 1 1 v I l l l G O , 0 ,  1 0 0 0 1 0 1 1 1 0 5 . 0 , 0 0 0 , 0 0 , 5 . :  0 0 0 0 0 5 . l * 0 0 0 0 I 1 1 0 1 I 0 4 0 0 1 1 1 1 1 1 1 1 1 1 I 0 1 4 0 1 1 4 1 1 0 1 0 1 1 .  I

* i J1410 * 10110431I13(101 l , l (C’ t  0 1 0 0 0 1 1 0 0 1 0 , , 0 1 1 1 0 1 1 3 000411011(011l4100 .1011101111101101111 11011 1110005 .1111* 11111111111110110 _ 100
•4 l . ,04 . . ,4 I43 .0 , :40 , l . ,C ,10I0  0 1 1 1 1 1 0 1 4 0 0 0 0 4 0 1 1 1 0 1 0 0 1 0 0 3 I 0 1 0 0 1 0 I I I , I I ’0 0 1 1 I I I S O S I I I O  001 4 1 0 1 00 4 4 0 1  -01 I1411001 *0110011b11000011
I00e*l30 , I I ~~I l l r 0 0 V 0 l I 0 I S G 0 l 0 * 0 l I l 0 I ~~0 l , 0 I 0 , 0 I l 0 0 0 ’ 0 ’ 0 l I 0 l 0 0 0 0 0 0 t 0  0 0 0 0 1 0 1 1, 1 1 0 , I 0 0 0 0 4 4 I l I l l 3 1 l Q 0 0 4 , I 5 . 4 4 0 1 1 4 1 1 3 4 1 1 0 1 1 4 1 1 1 0 0 1 1 1

0.000030.0 , 0 1 1 0 0 0 0 1 0 l ( I 1 0 0 0 4 0 1 0 I 1 0 0 0 4 1 I I 0 0 0 0 1 1 0 * I I O P I I I 1 0 1 0 1 I 0 0 1 0 * I l  1 0 0 0 0 1 0 1 1 1 1 1 1 0 1 0 I l l I 0 0 0 0  , 1 0 l l 0 1 1 l l 1 1 1 l 0 1 0 1 1 l l, 1 0 l 0 l ’ 0 ll .  I I I
— •4 l I A l 0 0 0 0 1~~0 l l I I o 4 0 I I 3 ( 0 l 0 I 0 0 0 l 0 0 0 * 0 l I l 0 l l * 0 I I 0 0 0 i P I 0 I * l 0 * I I l ’ t I 5 . O I 0 0 0 1 1 J 0 0 4 0 I 0 0 I I • * ’ 0 *ll 0 4 1 1 1 5 . 0 1 1 1 1 * 4 4 , , .  I 1 0 0 I I I I ( 0 0 1 1 1 ( I 0 I

0 1 1 1 0 1 0 1 3 l 1 0 1 0 1 0 0 1 1 0 1 , 0 1 3 0 1 1 I 1 0 0 0 4 1 1 0 1 1 1 0 0 0 1 1 1 0 0 0 0 0 5 . 1 0 0 1 9 0 4 1 1 C I 0 0 1 1 0 0 0 0 I * I O I 0 0 0 I 0 1 1 0 4 1 ( ( 0 1 1  10 ,40 ,5 .0  , . I I l I I ? l l l I l 0 1 1 0 0 * 0 I 0 I I . • 3
l I 1 0 0 l I 4 1 1 0 I 0 1 0 3 0 , 0 1 0 1 - l 4 0 0 l n 0 I  1.0 ,05.  , , 0 I , , , , l , 0 : l 0 , 3 4 • 1 , n I o . . , 0 . . I I n,0 . . ,~~,o l 0 , , I I 6 0• 1 I I o l• I 0 4 l I l l l l 4 l 4 l l 0 l l 0 I l l l S I I l l I I O 0 l S 0 I  - -

Fi gure 13 Clusters in Feature Plane
Horizontal Axis: Standard Deviation 
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Fi gure 15 The original picture .
- Size: 256x 256
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O Figure 20 The orig inal picture.
Size: 256x 256
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Figure 21 Boundary. Mean and
standard deviation
used.
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Figure 22 Boundary. Local MIN
and local MAX used.
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TEXTURE EDGE DETECTION US I NG MAX—MIN DESCRIPTORS

S. G. Carl ton and 0. R. Mitchell

I. Introduct ion

• 

- 

This report is the sequel to the Nov. 75 — Jan. 76 ARPA Interim Report

Ar t icle “Texture Edge and Classification Using Max—PUn Descriptors’0. Since

4 tha t time research concen tra t ion in this  area has been on im provement of the

window averaging technique used previously.

Appl i cation results of the mm —max descriptors and the Improved window

averaging are also discussed.

II. Win dow Averaging (Previous)

Previously,  the window averaging used in conjunction with the mm —max

descri ptors invo l ved a varia b le w i ndow size , dependent on picture context, and

required two separate processing runs which provi ded averaging results in both

the horizontal and vertica l directions. In the horizontal case, the averaging

technique compared the total extreme within a window to the right of each

pixel point with the total in a like window to the left of each points. Each

point Is processed individually in this way and replaced by the average cal—

culated as

A — 
Rt t  Lt0t (1)

O H R + L  + Ktot tot

This average calculation gives max imum va lues at pixels l ocated on the boun—

dary between texture regions. This same average was then computed using like

windows located above and below each pixel. The two averages were then corn-
-~~~~~~-,

‘;.0

bined and resulting maximum were marked as texture edges

‘
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iii. Window Averaging (Now)

— The window averaging technique currently In use with the min max descrip-

tors still uses variable window size based on picture context, but now the

horizontal and vertical averages are computed simu l taneously, providing faster

and more accurate results.

In this  techn i que, the window , NxN , is cen tered over a par t icular  p ixel

an d four quadran ts, N/2 x N/2, are formed as shown below:

F:I:i
The resulting average calculation used to replace each indiv idual p ixel va l ue

in the resulting averaged picture is

A — 
(B+c) — (A+D) ÷ (B+A) — (c+D) 

* scale

The use of the absolute divisor based solely on the window size is because

-4 the relative diviso r in the previous method suffers from a disturb i ng quality :

an off—center edge produced a bigger output then an on~center edge. The

absolute divisor does not suffer this problem.

Al though this averaging technique works very well , fur ther research in to

other possibilities is continuing.

I
_

-I IV . Applications

1 . 0 

- 

As a test for the max—mm texture technique, an Image scanned f rom the

North East Test Area was used as input. Figure 1 shows the 512x 512 black

and whi te Image. Figure 2 shows the detected extreme with Intensity used to

ind i cate the size extreme detected. Note that the forested area has a large

numbe r of extreme of all sizes. A relatively simple forest detector can be

•1 -- — - - - - - -— 
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created by thresholding the total number of extrema within a 60x 60 window

surround i ng each point. The output of this is shown as full wh i te in Fig. 3.

The texture edges are detected using the window averaging described above.

Outputs from this program using window sizes of 60x 60 and l8xl8 are shown

in Figs. 4 and 5, respectively. The local maximums in Fig. 4 are shown super-

i mposed on the original in Fig. 6. These represent the edges between large

(at least 30x 30) texture regions. Using the various size windows, we are

develop i ng a hierarchical structure of texture edge detection. We are also

developing an edge detector based on combined texture and intensity informa—

tion.
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A SYNTAX—DIRECTED METHOD FOR LAUD—USE
CLASSIFICAT I ON OF LAND SAT IMAGES

K. S. Fu and J. Keng

I. I NTRODUCT I ON

This research is motivated by the need for a method wh i ch can fully

au torn~ite land—usc classifi cation , such as , highway, rive r ~:nd brid ge

recogn i tion , froii LANUSAT images. The statistical pattern recognition

techniques wh i ch have been developed up to now have not shown satisfactory

results. For instance , the land—use classification of LANDSAT images has

been studied by Todd and Baumgardner using spectral analysis Ii]. I t has

been shown that hi ghways and other concrete areas, such as pa r k i n g lo ts ,
- 

I 
could not be distinguished from each other due to the fact that both have

similar spectral characteris tics in thc spectra l analysis. This report

introduces a method of spatial analysis for the same purpose of land—use

classification without encountering the diff iculties mentioned above.

- 
- 

Spatial analysis in p icture re-cognition p rob l ems can be treated by

syntactic approach [2). Recently , utili zation of syntactic method to

describe spatial rclationships among different objects was suggested by

Fu (3). Some related research has been done on LANDSAT images. Braye r

an d Fu [1;) recognize a city scene by constructing a hierarchical graph

mode l wh ich contains spat ial  distr ibut ions of all classes in the scene.

Web grammars are used to describe spatial relationships between variou s

objects in the scene. Li and Fu (51 started with pointwis e statistical

classification of LANDSAT images ; then applied tree system approach to -:

~~~ LANDSAT data interpretation . Bajcsy and Tavakoli (6] desi gned a computer

~I
program from the relational graph viewpoint to recognize objects from

satellite pictures .
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The research unde rtaken, here , applies to land-use classification of

LANDSAT ima ges such as highway , riv er and bridge recognition . The sug gest-

ed approach is a Syntax-Pirected~~pproach [ 7) . The method based on this

approach utilizes a set of tree granrna r rules to describe tie objects of

In terest, such as hi ghways and rivers. Accompanied by utilizing semantic

informa t ion , the application of this method is extended to the prob l em of

bridge recogni tion .

The LANDSAT system (formerly the Earth Resources Technology Satellite

“ERTS”) consists of three major components; two spacecraft , the remote

sensors, and the ground data handling system [8]. The overall system was

designed to perform three functions; the acquisition of mu ltispectral -

ima ges , the collection of data from remotely located sensors , and the

p roduc tion of photo gra ph i c  and di g i tal data. There are four channels ;

H channel I (wavelength 0. 5—0 .6 micrometer), channel 2 (wavelength 0.6—0.7

micromcter), channe l 3 (wavelength 0.7-0.8 microme ter) and channel 4

(wavelength 0.8-1 .1 microm eter). The first two channels are visible

bands and the latter two are infrared bands. LANDSAT images are given in

a di gitized form by NASA with spatial resolution of one pixe l correspond-

lng to 79x56 (meters)2 on the earth.
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II. SYNTAX—DIRECTED I-iETl~OD

- - The proposed syntax—directed method involves the following steps:

An inference process is applied to a set of traini ng imagery data to infe r

a set of grammatic rules which in turn formalizes a Syntactic model. Based

upon th i s  model , a set of most probable window patterns (which arc gen—

crated by this grammar) is implemented to analyze the test inarjes arid to

recogni ze the objects of interest.

2.1 Inference Process

The grammatical inference process is a man-computer interactive system.

Based on the knowledge of highway structures , several i n itial tree gramma r

rules are written. Then a training area is selected (which in this case

is Lafayette, Indiana). The training image is processed by the initial

set of gramma r rules. An existing highway map is also p rov i ded for the

purpose of comparison wi th  the processed result. For the highwa y struc—

tures which exist in the map but not in the processed result , the grammar

rules to generate those structures are added to the init i a l set of g rammar

rules , and the image is processed to test this hypothesis. After severa l

interactive steps the final set of gramma r rules is obtained. The pr i m—

itives for the grammar are chosen as a, b, C , d , e, f, g, and h. These

- 
primitives are desi gned by a 2x2 pixel block. : - 

-

-
-
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Fat e~

For examp le , the window area of an intersection of hIghways is such

~.j~iiI
~1 11 I liii

The Inferred gramma r is

S + $  A + d A -p d B -i- c
I I / \
A A B C  C- i - g

This Inference process continues and at mos t has 264 possible patterns .

The resul tant grammar rules are of course too many . We des i gn a simp li—

fled tree gramma r ana lyz er usi ng a window opera t ion ana l yzer. The move-

ment of the window is to shift one column or one row at a time . Then - 
-

multibranch patterns can also be represented by one—branch grammar rules.

For example, the window pattern mentioned above can be ana l yzed as the .

following two window patterns.

(l)~~ 1 II J (2) kF1 1~IU 1
~IIIiiiii I~111 lIIIl F

-
- &- _ - - - ilL — - 
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The one-branch grammar rules are (A1, A2, A3, A4 corresponds to the
graninar rules presented later).

(1) S+ $  A -i-- d A -id A +c A -s- c
~

A
3 

A
3 

A4 A4

(2) S- i - S A - s - c A -i- C A -s- c A -s- c
i

i 
l~~~~~~~~~~ 2~~~ 2

A1 A 1 A2 A2

For a junction of two highways as follows

F JJI 1fU
H1H 11

it can be analyzed by two window patterns that are generated by one—

branch grammar rules. The two patterns are

11- tU tu - I U~LI H
1+111-1141 ~itt• 

- 

Then the resultant grammar rules can be expressed in terms of only one—

branch tree grammar rules as followst. 
—

The tree gramar is Gt 
= (V , r, P, s) where j -

V (5, 5, A1, A2, A3, A4, A5, A6, A7, A8, A9, A 10, a, b, c,

d, e, f, g, hi
• - -

rCa) — r(b) r(c) — r(d) — r(e) r(f) r(g) r(h) = (I)

tStrictly speaking, the simplification essentially reduces the tree grammar
to a string gramar. However, the spirit of syntax—d i rected method is
still preserved.

- .
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VT 
— { 4 a, / b, c, ~. d, 4 e, / f, g, ‘ h, $1

and p:

S -s- S A 1 -i- c A - i - c A - i - c A - s c
I i

i 
2

1 2
A 1 A 1 A2 A

2

A2 -’- d A
2 -i- d

A2

A2 - i - e A2
- se

A2

- 

A2 - ’b A2 - ’b

A2

S- i- S A
3
-s d A

3
- s d A

4
- i d

A
3 A

3 
A4 A1~

A4

A - i - f A - i - f

A4-’ 
C A

4
-s c
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• S~~ $ A
5~~

e A
5~~

e A6-i- e A6~~ e

• A5 A
5 A6 A6

A6-’ 

A
6 

A6-’ f

• A6
-s g A

6-’g

•~

6

A
6-’d 

A
6
+ d

A6

A6
+ c  A

6
+ c

A
6

$ -s- $ A
7
÷ f  A

7
+ f  A

8- i - f  A
8
+ f

A7 A
7 

A8 A8
- 

A8-’g

A8

A8
-.- h A8-’ Ii

A8

A8
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S -‘ $ A
9
+ g A

9-’ 
g A10

+ g A10 -’ g

A
9 

A
9 

A 10 A10

A 10 -’ a A10 -’- a

A 10 

A 10 f

A10

A 10 - ’ - h  A 10 - i - h

H A 10

Measurements from channels I and 2 are very sensitive to concrete areas.

A training area Is set to establish the thresholds of the spectra l intensity

L 

of concrete areas (more precisely, concrete — like areas) in channels 1 and 2.

Then a threshold H is obtained from the sum of two thresholds from these chan-

nels. Watery areas exhib it a very low response in the infrared bands. This

contrast makes the extraction of watery areas from channels 3 and 1* easier.

The same procedure of threshold finding as that for concrete areas is applied

- 
here to obtain threshold R for river recognition .

- - 2.2 Syntax—Directed Method

- The syntax—directed method consists of two l evels, namel y ,  transforma ti on

- 
process and tree grammar analysis. The transformat i on processor transforms

the muitispectra l images Into a single binary image. The tree grammar ana—
- lyzer then ana lyzes the transformed image based on a tree grammar. Structures

- which  are genera ted by the tree g rammar are accepted; otherwis e, they are

rejected. The detailed processes are illustrated as follows: 

-— — - — - 
- 
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2.2. 1 Transformation Process

2.2.1.1 Thresholding Process. First the model of LANDSAT images

is defined in the Euclidean n—dimensional space En. The numbe r n

represents the numbe r of channels to be chosen. A pixel is described by

an ordered n—tup le ~~~~~~~~~~~~ The transformation process works

such that if the sum of spectral intensities of the points in the same

position in two channels is greater than the sum of the two thresholds

from trainin g area (for Instance, channel 1 , 2, and threshold H for high—

way recognition , and chann el 3, 1*, and threshold R for river recognition),

the position is set to 1; otherwise, i t is set to 0. Thus , multispectra l

images are transformed to a single binary Image. (For rive r recognition ,

the one—zero settings are inverse.)

It Is true that both visible bands (channel I and 2)are sensitive

to the concrete spectra. But in real world images, the inf luence  of

nei ghboring objects Sometime cause the dcformatio’ ~f the object of in-

terest (such as highway). But when there is only one channel (image)

availa ble , the thresholding process can be designed by setting the thres—

• 
hold on one image. Experiments of this case were also conducted and it

showed that by using the sum of the spectra l intensiti es of two visible

channels (for highway) one obtains a more reliable result than that by

Jus t setting a threshold on one channel.

- 
• 

2.2.1.2 Line Smoothing Process. After the threshold ing process, a

lin e smoothing techn i que is applied to remove deformation and reestablish

continui ty of the lines. For a given center pixel of a 3x3 window ,

4- ,_

5.--——- •~~•I•
_•t__
~~

_ _-._ -_~.~~• .--•-I.--——~— — — I _-~~~~~ ___________ —
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the operation starts from the left upper corner pixel. If it is one, the 
-

column Is shifted . if it is zero, the surroundin g ei ght p ixe l s are

checked. If there exists at least two “l’ s” which are not adjacent to

each other , then a “1” is set on the center position . The Ope ration

cont inu es un t i l  reachin g the ri ghtmost column of the digitized image.

Then the operation is shifted one row down and starts from the left most

column wi th the same process until reaching the last row of the digitized

image.

2.2.2 Tree Grammar Analysis

Input: The transformed binary image which is a Q(i ,J) memory array.

~~~put: The syntax—directed anal ysis result on land use classifica-

tion .

Al gorithm:

S ezj~ Set G(M ,N) to be an operation window (8x8 in size).

~~çp 2: Load the array of Q(I,J) whore J = 1 , 8; I = 1 ,8

on the operation window G(M ,N).

Step 3: Compare the operation window w i th a set of most

probable window patterns (see Fig. I) which are

generated by t he tree grammar Gt . If it be longs

to that set of patterns , the primitive pattern in

• 
that window is accepted, and stored in the resulting

memory array R(I ,J). If i t does not belong to that —

- - l set of patterns , then go to step 4.  
-- 

-

Step 4: Shift one column to the right of Q(I ,J) in step 3.

Then go to step 3 and continue unti l reaching the

righ t most column .

-
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2.2.1 Transformation Process

2.2.1.1 Thresholding Process. First the model of LANDSAT images

is defined in the Euclidean n—dimensional space En. The numbe r n

represents the numbe r of channels to be chosen. A pixel is described by

an ordered n—tuple (X 1, X2,...,X). The transformation process works

such that if the sum of spectra l intensities of the points in the same

position in two channels is greater than the sum of the two thresholds

from training area (for Instance , channel 1 , 2, and threshold H for high—

way recognition , and channel  3, 4, and threshold R for river recognition),

the position is set to 1; otherwise , i t is set to 0. Thus, multisp ectra l

images ar~. transformed to a single binary image. (For river recognition ,

the one—zero settings are inverse.)

It is true tha t both visible bands (channel 1 and 2)are sensitive

to the concrete spectra. But in real world images , the i n f l u e n ce of

neighboring objects sometime cause the deformation of the object of in-

terest (such as highway). But when there Is only one channel (image)

ava ilable , the thresholding process can be designed by setting the thres-

hold on one image. Experiments of this case were also conducted and it

showed that by using the sum of the spectra l intensities of two visible

channels (for highway) one obtains a more reliable result than tha t by

J ust setting a threshold on one channel.

2.2.1.2 Line Smoothi ng Process. After the thresho lding process, a

fl... .~~stP’Ing tschnl que is applied to remove deformation and reestablish

~~~~~~~~~~ n~~ tN. Iin.~. ~or a glv.n center pixel of a 3x 3 window ,

L -_
_ _ _ _ _ _
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St~p 5 : Shift one row downward in step 3; go to stop 3, un til

- j 
reachlqg the last row of the digitized image. Syntac-

4 ticali y correct structures are recognized and stored

In the resultant memory array Ft(i ,J).

Ste_p 6 : Output the result , R(i ,J), whi ch is the result of

the syn tax-directed method .

The flow chart for highway recognition by the syntax—d i rected method

is given in Figure 2. Since the rivers are similar linear features to

hi ghways , the inferred tree gramar for highway can be used also for

river. This assumption is justif ied by the results of the experincnts

on river recognition. T-~i e flow chart for rive r recognitio n Is also pro-

vid ed in Figure 3.

- 2 .3  Use of Semantic Info rmation

Spectral ly speaking bridges have s imi lar  cha racter is t ics  to concrete

pa r k i n g lots , urban housing, and hi ghways. These aspects make s ta t i s t i ca l

techn i ques inadequate for bridge recognition. The idea proposed is to )

use the spa t i~ l rel at ion shi p to distinguish highways from other concrete

-

. 

areas by the syntax—directed method , and then to use semantic information

to distinguish the bridges from detected highways .

• First the images are processed by syntax—directed method for high—

- ways and r ivers. Then a semant ic processor is designed which sequential ly

processes semantic rules as follows :
LH ~

- -
~~~- ,

H Ci)  Brid ge pixels are highway pixels overlaying water areas

(river, lake , or gulf).

(ii) Bridge p ixels never exist singularly in the continent.

~~iI1L -
~~
-_ - -  

- 

~~~~:
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less than THRESHOLD + 0

Line smoothing process
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Figure 2 The flow chart of highway recognition via
the syntax—directed method
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r Real world digitized
( satellite Images
‘~~infrared bands, channe l 3 and 4)

Use the found THRESHOLD R In the inference
process for “water -like area” to threshold Transformation
the images to binary ima ge, process
greater than or equal to the THRESHOLD 4 0
less than the THRESHOLD + I

I

Line smoothing process

H ________________________________________________ 
_______ ______

Tree gramma r analyzer to accept the patterns
- 

- which are generated by the tree grammar, and
reject other patterns

tr ee gramma r
ana lys i s

River recognition result via the.J
syntax—directed method. 

~~~~
j—’ 

______________

Figure 3 The fløw chart of rive r recognition via the 
- 

3syntax-directed method.
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( i i i)  Both ends of the br id ge are always connec ted to the hi gh-

ways.

A flow chart of the bridg e recognition Is In Figure 4. The length

of the recogn i zed bridge can also be calculated by the follow i ng algo—

ri thm.

Algorithm of calcula tion of bridge length:

Input: recogn i zed bridg e result.

Output: the calculated length of bridge.

Algorithm:

(I) Calcula te the number of horizontal rows which have at

least one bridge pixel. The va l ue is- a.

(ii) Calculate the number of vertica l columns which have at

leas t one brid ge pixel. The value is b.

(iii) If a equals one, the length of the bridge c is bx56

meters.

If b equals one, the length of the bridge c is ax79

meters.

Otherw i se go to (iv)

F (iv) The length of the bridge c / (ax79)2 + (bx 56) 2 
.

The id ea for this algorithm ls to calculate the longest side

of a right triangle , and every pixe l in LANDSAT images is
.1

about 79 meters in ver t ica l len gth and ~6 meters in horizontal

length on the earth. Step ( i i , )  are the cases when bridge Is

right on the horizontal row or vertica l col umn . The coordinate

for the locations of the recognized bridges are also located

by recording recognized bridge pixels .

~~~~~~~~~~~~~~~~~ . — -~~~~~~~~~~~
— --- “

~~~~~~~~ 
-
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(Real world satellite imagesJ

4

_ _ _ _ _ _ _ _ _  I
The flow chart of highway The flow chart of rive r
recognition by the recognition by the
syntax—directed method syntax-directed method

______________I

[Imp lementation of semantic rules
— I 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Calculate the number of horizonta l rows having
bridge points , the number to be “a”

- 
1 Calculate the number of vertica l columns hav1nc~

bridge points , the number to be “b”

4
The length of bridge if a 

yes

- c =  /~a 79)2 + (b 56)2 
~~~~~~~~~~~~~~~~~

Locate the coordinate
of_bridge

_______________ —

e Bridge recogn ition result
via the

- 
-
- syntax—directed method with - -~~ - ‘

semantic process ,_~._f

Figure 4 The flow chart of bridge detection via the syntax—
direc ted method wi th seman t ic p rocess
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III. EXPERIMENTAL RESULTS

The syntax—directed method has been implemented by FORTRAN p ro-

graniming on the IBM 360/67 computer at the Laboratory for Applications

of Remotely Sensing (LARS). The experiments have been conducted on dif-

ferent LANDSAT images. Only one training data set (from Lafayette area)

was used for all the experiments .

3 .1  Hi ghway Recognit ion

Fi g. 5 ( a)  Is a LANDSAT image over the Indianapolis , Indiana area.

FI g. 5 (b) is the intermediate output after line smoothing process in the

transformation process. The highway recognition result , by the syntax—

directed method , is shown in Fig. 5(c). The area is a 96x96 image wh i ch

shows the junction of interstate highway 65 (northwest to southeast

direc tion) and highway 465 (north to south direction ) in the left uppe r

part of Fig . 5(d). The experimental result shows tha t the syntax—directed

method is rathe r successful.

3.2 River Recognition

For the purpose of showing that this method works also for rivers , a

terrian area northeast of San Francisco , Ca l i for n i a  was processed by

the syntax-directed method for river recognition . The LANDSAT image is

Fig. 6(a). The river recognition result by the syntax—directed method ,

Fig. 6(b), shows that it successfully recogn izes a winding rive r in that

Dnage. The size of the image is also 96x96. The topographic map for the

-j same area is shown in Fig. 6(c).

4 ~1 ~
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- Figure 5(a) Sate llite image of northwest part
-

- 

of indiana po li s , Indiana
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Figure 6(a) Sate l l i te  image of north part of
San Franc isco Bay area , Cal i f o rn ia
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3.3 BrId ge Recognition

FIg. 5(a) is a satellite image over Indianapolis , Indiana. Fi g. 7(a)

is a topographic map of Its lower part. It shows in the left part of the

map, that there Is a br idge over the Eagle Creek Reservoir. The bridge

recognition result by the syntax—directed method give n in Fig. 7(b) shows

that the birdge is successfully recognized and the length Is calculated

to be 672 meters. In the left lower part of Fig. 7(a) the scale of the

map Is prov i ded. The length shown In map is about the same as that found

by our method. The coordinate of the bridge can also be automatically

located by this method.

A third experirnen t .is on the Lafayette area of which the LANDSAT mage

Is shown in Fi g. 8(a). Fi g. 8(b) is a city map segment of the Lafayette

area which shows a small brid ge on Highway 1-65 over the Wabash River.

This LANDSAT image has been processed by the syntax-directed method for

• bridge recognition and the result is shown in Fig. 8(c). The bridge is

recogn i zed in the right lower part of the image and Its length Is calcu-

lated to be ~45~4.1 meters. The coordinates of location of the bridge is

also given in Fig. 8(c).

This Informa tion extraction (bridge length and coordinate) not only

contributes to the understanding of Images and may also aLd the automatic

guidance m issile system in locating accurately the objects of intercst.

LI
U
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-
~ ~~~~~~~~~~~~~~~~~~~~~~ ~~

- 
~~- s~, 

~~~~~~

! ‘ . . . ri
95

L
~~~~

I • u c

/7•7Y\j
~
/dLI

WE ST L A F A Y E T T E 1 • .1 ,
~
-

~ç9 t
- 

I 
(
_/_ ~~~~~~ —‘

~
‘•-‘

~~~ \ I
11’~~~~~~

I J~~~~~\1_-~./

~~~~~~~~~~~~~~~~~~ 
~~~~~

- 

~~~~~~~~~~~~ ~~~~ - -  
-

- 

‘ 

~~~~~~
- .. ~~~~~

Li L,’e~ 
-

• Figure 8(b) City map of Lafayette, Indiana (Wabash river
and Highway 1—65 shown in right upper part)

-

~~
:
~~ 

•

.2-~~~~~

k ~~~~~~~

____________________ .~~~~ ~~~~~~~~~~~~~~~~~~



p 
~~~~~~~~

- -

~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~ — - - ~ - r  ~~~~~~~~~~~~~~~~~~~~~~~=~~~~
—-— 

~~~~~

96

N
NIl 

THE DEIE C TEO CC CR D INA TE OF TN L DETE CT LO BRIUCt PRO I~ S A T IL L I TE  PIC IU RI
PIN
NH

HU
• N it

Nih I I , 3 I • I 84 • 69 P
Nt IH
Nh I I .  J ) — I $ ~~~, 6 8 )
HH
tIM I I , 3 P = I 115 , 69 I
I-IN
Mi u N I I .  J ) ~~~~l 8 5 , 70 )

MN
NH I I • .1 I • I 86 , 69 I
H
HI-u I I .  J I = I O 6 , 70 )
liii

NH I I ,  3 1 = 1 8 6 , 71 1
Pit’ - -

li t- I I , J P • I 87 , 70 I

1,11 1 I . J I • I 87 • 71 I
H 

I ) ,  3 1 . 1 8 8 , 70 )

PIN I I ,  3 1 — 1 1 1 0 . 7 1 )
Nil
Nt- H
lOIN II NhiiIHH

NH N H
lOIN Nil

PIiIHHH Pu
NHPIH NH

HulK IlK
HliHt-i i-hb PlHii 

-

I-N HHIItIH
HHHIIH HHuIHHhI

Huh ilihIdiubIhluIhf
HI-ill NiiHHilhu uhi h tH

HHuihiUi ’ ii K UI 11
• iIHHIIHHIIIIIIII -

• i IihlHulbIlIi it—lhlhh-I
pill l’ilNuhhl

C- - N Hiuhu
H Hilt-’
H Nt-Ill

PtiIul
lii i
NIl

NH
Nut
Phil
Plilul
Nil

Mhi ,u
ihhtiuh i

HUll
NH
Mliii

HNNliu ihh
• HHH ilMiliutihIH

HI-iNt l HHHui u lihh i ih
HHHNH HHHMP4iI liii

N H
• II 1111

II HH
Nil
Nil
HUH

HHH
Hhi i i

NH
HuH
HUH
I-hUB

BOIl
8KB

BR
H
NH
NH
NH

II
H

THE CALC ULAIEO LENGT H OF THE DE TEC TED BRI D GE PRUM SA T t E L I F E  PI LTU KE • ~S4 .*  M E TE RS

~~~~~



C~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~ 
6~

p

~ 1
IV. CONCLUSIONS AND REMARKS -

- 

• 

The syntax—directed method Is imp l emented by the “LOG i CAL program-

ming technique” on binary images. So the software manipulates most opera-

tions on the machine logic level . Compa rative studies are also carried

• 
? 

- out with two different implementations. One uses the logical programming

and the other does not. The one with log i cal programming saves 30% of the
- 

CPU time comparing with the other. Computer p rocessin g t ime for the syn tax-

dIrec ted method is rather fast compared with the prev ious related work.

• I 
For a 96x96 images, the proposed method takes only approxima tely 26 seconds

to detect and recognize highways . It takes approximately a total of 42

seconds to recogn i ze hi ghways , rivers and bridges.

Concerning computer memory space , there is another advantage of

LOG I CAL programming in that every transformed pixe l takes only one byte

for storage. Usually each p ixe l takes 8 bytes (real number) or 4 bytes

for storage (integer). Use of the log i cal programing saves memory space

approx i mately 75% comparing with the one using four bytes s torage for each

pixel.

The proposed syntax—directed method for land—usc classification has
• 

the advantages of fast processing time and rather accurate results. It

- can be easil y extended to image segmentation probl ems.

— I 
• •
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THE USE OF CONTEXTUAL INFORMAT I ON IN STATISTI CAL CLASSIFICATION

KS. Eu, P.M. SwaIn , T.S. Vu, and W. Pfaff

I. In troduction

In previous reports we have Introduced compound decision theory (1] as a

means to use contextua l information in the classification of remote sensing

data. The compound decision rule Is to choose ak, for each Individua l cell k,

wh i ch minimizes

r
ak) P(X l Ok

) G( Ok) ( 1 )

Note that X is the set of pattern vectors for all cells in the imagery frame.

The compound decision uses all the measurements from the image frame to esti-

mate the state of nature ek. The cells in the data frame are classified

simultaneously even though the decision rule Is defined for each cell.

Suppose we reduce the data frame to a small window size, say , the 3x3

square window (Fig. 1), the decision rule follows from (I) and is to choose

a to minimize

Z L(ek, ak) P(xl , x2,...x910k) G(ek
) (2)

a 0k

If we c lassi fy every window f rom a f inite set of possible occurrences of

windows , the classif icat ion of the center cell , namely cell I In FIg. 1, is - •

then a result of the (spectral) properties of Its neighbors as well as its

own. Thus, the “context” defined in the scene contributes to the c lass if ica—

— - tion.
~~~~~

•

II. Preliminary Solution

Imediately we see that the cal culation of the Joint probabIlity for the

cells In the window Is necessary. Probability measure defined on multi—

dimensional space is In the theory of random field. We do not ntend to go 

— -  ——•— ~~~~~~~~~~~~~~~~~~~~~~~
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Figure 1 Neighbors of cell 1

• Into the theoretical development but rather we give the research result.

Suppose we assume the probability distribution belongs to an exponential

family . And suppose that the dependence is from cllques* containing no more

than two cells. The joint norma l density function for any n cells in our

window is [2]

1 1

P(x1..x ) = 2,ra2
) 2

1 B 1
2 exp {4c~ 

2(X_ U)T B (x— u)} (~~)

where U is nxl vector of arbitrary means , it ., and B is the nxn matrix whose

diagonal elements are unity and whose off—diagonal e l e m e n t s  are — .. We

require B to be positive definite.

~ie Important feature about this formulation is that the window is not

restricted to any particular shape. As long as we know the neighboring cells

to be used to prov i de context relationshi p, it is possible to construct the

• 
- 

joint function . The unknown parameters in (3) are B matrix and ci~. In a sub-

sequent report we shall show estimation of unknown parameters for a particular

window (nearest neighbor scheme) and present some results. •

rn

*Cll que: Any set of cells which either consists of a single cell or else rn
wh ich every cell is a ne i ghbor of every other ce ll in the se t

- •~~~~ • - ~~~~~~~~~~~~~~~~~~~~~~~~ - - - • .~~~~~ -~~~~
-—- —~~ 
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III. Data Simulation

The al gorithms we are Investigating ordinarily require various assumptions

concerning the statistica l characteristics of the data. For example, it is
• I

often assumed that the data is class—conditionally distributed multivariate

norma l and, when class i fica t ion is in volve d, that the data used to train the

classifier Is truly representative of the classes of Interest. It is further

assumed that all classes present In the scene are known and represented. Also ,

it Is usually assumed that each pixe l consists entirely of one and only one

of the classes.

- • 

I In practice these assunptions are never exactly satisfled. Thus, when we

evaluate the results of applying our al gorithms to any real data set, we are

faced wi th uncertainty as to whether the errors we observe are due to short-

comings of the algorithms per se or to some assumptions we made about the data

In order to apply the algorithms . We can not then determ i ne effect i vely where

the strengths and weaknesses of our approach lie.

The purpose of thIs data simulation activity, therefore, is to make avail-

able data sets with controlled characteristics. In part icular , to begin with

we shall generate simulated LANDSAT multispectra l data. The inputs to the

simulation will be high—quality classifications of selected ground scenes to—

gether wIth the estImated mean vectors and covarlance matrices of the classes

In the scene. In the output, the multispectra l data va l ues will be regenerated

so that the classes are in fac t mul ti var i ate normall y di str i buted and there
- -

~ 7~.- are no mixture pixels. Since we will have started with an accurate classifi-

ca t ion , the spatial characteristics of the data w i l l closely match those of

the ac tual ground scene, but the mu lt spectra l characteristics wi l l be con-

• trol led to meet the multivarlate norma l assumpt ion. -~~~~~

This data will be used specifically to test our methods for extracting

______________________ 
_ _ _ _  I
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con tex tual ~~f..rmatIon (which Is primarily of a spatial orientation) for use

ln c lass I~ ,catIon . In the next report we shall detail the methods used to

accomplish the simulat ion .
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NO—DIMENSIONA L COMPLEX CEPSIRUM

B. O’Connor and 1. S. Huang

I. Introduction

This report will present the details on the theory and Implementat ion of

two—dImensional complex cepstral analysis referred to In the last report.

Possible uses of this algorithm Include tests for stability of two—dimensIonal

di gita l recursi ve filters and enhancement of Images blurred by special point—

spread functions. Cannon [I] has used the cepstra l signature of a blurred

picture to determine the extent and the type of degradation. However, he

allowed only three kinds of blurs ; linear motion, defocus, and atmospheric.

These degradations have real point—spread functions and their zero crossings

(phase information) characterize them completely. In fact, sinc e his method

used the cepstrum, as oppose d to the comp lex ceps trum , zero crossin gs g ive the

only phase InformatIon about the blur and hence this technique cannot be em-

ployed to deblur more complicated degradations. The algorithm to be reported

here will allow the calculation of the complex cepstrum of a picture. The ad-

vantage of the compl ex cepstrum is that it uses both the magnitude and phase

of the Input picture and hence allows a compl ete picture description in the

• cepstral domain. Hopefully, thIs description will give cepstral signatures

• to more complicated blurring functIons..

The complex cepstrum can be emp loyed to test the stability of genera l

• two—dimensiona l recurs i ve filters . The complex cepstrum of a state two—dlmen- 
•

sional recursive fil ter Is non—zero only In a certain distinguished reg ions

• C;. of the cepstral plane. Ekstrom and Woods have obtained similar results em-

ploy l ng the cepstrum (not the complex cepstrum).

- •
.
~ ~~~~~~~~ 
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II. 2—D Complex Cepstrum Theory

Let x(m n) be a M xN sequence of real numbers. The complex cepstrum of

x(m,n) called cx(m,n) is defined as the Inverse z—transform of the complex

logarithm of the z—transform of x(m,n). Let X(z1 ,z2
) be the z—transform of

x(m,n) and X(z1,z2) — log X(z1 ,
z
2
). X(z

1 ,
z
2
) must be a valid z—transform for

cx(m,n) to exist. In order for cx(m,n) to be uniquely defined , a region of

convergence must be chosen for X(z1,z2). Assume x(m,n) and cx(m,n) are real ,

stable sequences so that the regions of convergence of both X(z1 ,
z2) and

X(z1,z2) inclu de the unit pol yd l sc and hence, their Fourier Transforms exist.

JW jw ju jw Ju
X(e , e 2) XR(e 

l , e 2) + j X
1(e 

l , e 2)

~ j W JW * Jw 1 •
~“2 

.~~~
‘) ~~Q

2X(e 1 ,e 2) I X R(e , e )+ j X 1(e 
1 , e )

Since cx(m,n) Is real , then must be an even function of (~ 11~ 2
) and

must be an odd function of (w 1,w2). More Importantly since X Is analytIc then

it must be a continuous function of (w 1,u2). Hence, since

X(e 1
, e~~

2) IX(e~~
l , e~~

2)I . 
Jarg(X(e~~

l , e
iu2) ]

implIes that

• - 
j w 1 j w2 Jw 1 

jw2 
jw 1 jw2X(e , e ) — log IX(e , e )I+jarg(X(e , e

so

~ j w 1 jw 2 j o  jw 2XR(e , e ) log IX(e , e

* iw 
~~2 

j w  jw2X1(e 
1 , e ) arg(X(e , e

I
— I••z•~ I•

L. ~~~~~~~~~~ 
- 
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must be continuous functions of (01,w2). However, continuity of is depen—

dent on the definition of the complex logarithm. Here a difficulty arises

sInce the complex logarithm Is not a unique transformation. This difficulty
Jw jw

cannot be resolved by using ARG [X (e l , e 2)] because MG Is a discontinuous

function.

One approach for obtaining a continuous phase is to integrate its den —

vatlve. The resul tant phase curve Is called the urwirapped phase. Below, the

phase derivative Is calculated in terms of easily obtained quantles. Starting

wi th

aX(z ,z )

• 09 Z 1, Z
2 X(z

1
,z
2
) ~ az

1

this Implies that

iw j u
a * JW

1 ~
‘
~2 ax’

s I 2~ jw 1 jw~
~~~~~~~~ X(e ,e ~ 

~e .e ‘/ X(e ,e )

= .
~~~~~

- X~(e , e
JW 2) +j.~~~ X1(e 

1 , e~~
2
~

hence
JW J(a) 

* jw
.
~~~~

— arg[X(e ~~
, e 2) ]  — 

~~~~~
— X1(e 

1 , e 2)

a aX . — X — X . — XR 
~~l ~ I

— 2 2X R + X I

wi th boundary condition

iw Jw
arg[X(e ~~

, e 2) ]  
~l

0 — 0
— 

W2=O

I

______  ‘ ~“ ‘
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Note that in some cases It will be necessary to change the sIgns of all x(m ,n)

before using this boundary condition . The expression for the phase derivative

can be calcula ted d i r ect ly from the sequence x(m,n) If we employ the following - •

relation.

a ill) JW a jw1 jw  a •,~~l ~~
~~~~~

— X(e 1 , e 2) ..... XR(e , e 2) +j
~~~~

_ X1(e , e 2)

— —j FT[m.x(m ,n)]

A similar formula can be derived for the partial derivative of the phase with

respect to ~~~~.

An e f f ic ien t phase unwra ppi ng al gori thm has been proposed recent ly by

J. Tnl bolet [3]. The algorithm uses an adaptive numerica l Integration scheme

that combi nes the information contained in both the phase derivative and the

princi pal value of the phase. Each phase estimate Is formed by numerical in-

tegration of the phase derivative using a given step interval. This step in-

terval Is adapted until the principa l value of the resultant phase estimate

does not significantly differ from the known principa l va l ue of the phase at

that frequency. This method has been extended to two dimensions in our pre-

sent work. The basic Idea of the algorithm in two dimensions Is to calculate

the Integral of the partial derivatives by numerica l means using the trape-

zoidal Integration rule. Assuming the unwrapped phase of (w01,~02
) Is known,

the estimate of the unwrapped phase at (w 11,~02) Is g ven by

— ~~l l  ~~O2 
JW 01 jtU0~- 

I arg(X(e , e )3 — arg[X(e , e )]

1 W 11 1401 a 
J(&) 

1
+ 

2 
arg[X(e 0 

, e 02)

Jw
+ _.L arg(X(e 11 , e 02))} •

• 
- —

-
- 

—•-~-- 
• •.. •.~~~~..— ~~~~~~~~~

• 
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- 
-
~~ A similar equation Is true In the w

2 
direction. Clearly, this estimate Im-

proves as the step interva l becomes smaller. The bas Ic i dea of this algorithm

is to adapt the step size until the result of the numerical Integration

matches the Information given by the principal va lue of the phase (3].

We shall say that the step size ~w — w 11 —w 01 leads to a consistent phase

estimate of (w11,w02
) If

I E ((w01 ,~~02) 
‘ 

(w 1~ ,~ 02
)) I < <

• 

- 

Where E measures the difference between the principal values of the phase and

Its estimate, that Is

jw Jw• E((w 01,w02
) (~ 11~~ o2~~ ~ ~~~ix (e 11 e 02))

~~l l  jw02
- ARG(X(e , e

Otherwise the step size must be reduced in order to obtain a more reliable

estimate of the phase. As soon as a reliable estimate is found the unwrapped

phase is defin ed by

• 
~~l l  ~~ Jw02arg[X(e , e 02) ]  — ~~~~X(e 

11 , e )] —

j j - E((w 01,w02
) , (w~1,w~~)

so I t unwraps to

jw
arg[X(e 11, e 02) ]

wi thout error.

• 
- If Is comforting to know that the existence of cepstra for 2—D rationa l

polynomIals has been proved by Dudgeon (4]. In general , If x (m,n) has a
—

. 

~~~~~- Jw 1 Jw~,rational z—transform then the phase associated with X(e , e ‘) has a
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l inear component plus a cont in uous , odd, periodic component. From this info r-

mation It can be shown that any 2—D array having a rationa l z—transform will
— 

Jw 1 
jw2have a well defined 2—D complex cepstruni If X(e , e ) ~1 o for a l l

and If the linear phase components have been eliminated by an appropriate shift

of the original array. On this Issue of lInea r phase, there is a si gn i f i can t

departure from one—dimensional theory in that the linear phase component can-

not be completely removed merely by shifting x(n ,m) by an appropriate amount

(6]. -

I I I .  Summa ry

The above two—dimens i onal phase unwrapping algorithm and compl ex cepstrum

computer programs have been written using the two—dimensional FFT to approxi-

mate the Fourier Transforms. These programs have been applied successfully in

determining stability of two—dimensiona l recurs i ve filters . Future work will

Include extending this program so that the cepstrum of a picture can be cal-

culated on a PDP—ll/45.
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IMAGE RESTORAT ION: COMPAR I SON OF THE PROJECTION
METHOD WITH SINGULAR VALUE DECOMPOSITION (svD)

S. P. Berger and T. S. Huang

I. Introduction

This report contains a comparison of two techniques of Image restoration.

The projection method and the singular value decomposition (SVD) approach were

C 
applIed to a simple two—dimensional Image which was blurred by a linear degra-

dation. WhIte Gaussian noise was added to the degraded Image. The two methods

were compared for varying amounts of noise.

Before presen ti ng the computer resu l ts, I t w i l l  be hel pful  to g ive the

basic Ideas of the two methods. - •

II. The Projection Algori thm

The projection method requires that the degradation process be represented

In discrete form. A two—dimensIonal Image Is represented as a one—dimensional

matrix by stacking the rows of pixe l val ues Into a column vector. The degrada-

tion Is then described by

g
~ 

— a11 f1 + a12 ~2 
+ •.. + a1 f~ + n1

— a21 f1 + a22 f2 + ... + a2 f~ + n2

4 C
.

~~~~~~~~~~ -
‘ 9n 

— a~1 f1 + an2 f2 + + ann I + n

-
~ 

---
-~

-C
~

,.
-.

~~~ -

where f is an nxl matrix (col umn vector) representing the origina l Image, a is

the degraded image , n Is a no i se vector, and A is the degrading matrix. For

the sake of simplicity, we assume that the original Image is a square array of

~~~ 
NxN elements. So the vector f contains N.N — n elements. The matrix equation

is g — A f + n .

- _ _ _ _
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Let us neglect the no i se vector for the moment. The restoration problem

Is to obtaIn f f rom ~~~, with A unknown. The projection method Is an Iterative

procedure for solv in g for the original Image f.

Each equation represents a hyperplane in an n—dimensional space. The de— -

graded Image ~ is a point In this space. The projection method starts at some

initial guess (usually j), and finds the projection onto the first hyperplane.

This point Is then projected onto the second hyperplane , and so on, until the

last projection is onto the nth hyperp l ane. This then completes one major

iteration . A projection is made onto the first hyperplane to start the next

major Iteration.

If a unique solution exists , the al gorithm wfll yield vectors which con-

verge to It. If no such solution exists , the method still provides useful

- • results. The effect of additive noise tends to Increase with more iterations.

The decision must then be made as to how many iterations to perform. This is

a subjective determination of wh i ch Ite ration has yielded the best restored

image.

III. Singular Va l ue Decomposition

The singular val ue decomposition (SVD) approach s based on a representa—
• 

tion of the pseudo-inverse of a matrix. The original image f can be estimaged

by f u’ ’ j, where A+ Is the Moore-Penrose pseudo-inverse. Now A+ can be 
• -

R 
_ _ _

- obtained by A~ — Z 
~ ~l/2 ~~U. T , where R I s the rank of A, U1 and V i are -

i u ’ l ’ i ’ ~ 1

the el genvec tors of A A T an d ATA respectively, and the are the elgnevalues

of ei ther (called the singular values of A). The A 1 are in the order of de—

- T-~~ creasing magnitudes.
* 1 1

H - The restoration is then represented as f—  E — 

~ ~~~
. The

I— i ~l/2

user mus t dec i de on the opt imal  va l ue of P , s ince the effec t of noise w i l l

- C-C

~~ ~~~~~~~~~~~~~~~~~~~~ -. • - 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ • •,. ~~~~~~~~~~~ • •~~ •~~~ •- -~~-_ -C_ -~ —~~~~~~~~~ ~
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dominate the sLalwnation after a certain number of terms. This effect is demon—

strated In the restoration equatIon f ~ A
+ 
j A+(A 

~ 
+ n] A+ A + A+ ~

The firs t term, A~ A~~ , is the minimum—norm least—square estimate without

-: noise , and the second Is the noi se term. The l arger the valu e of P, the closer

the firs t erms is to the orig inal image. The noise term , however , increases

as wi th P.
x i

IV Computer Results

Both of these methods were applied to a problem given In Huang and

Narendra [1]. An 8*8—pixel Image of the number “5” was used in the tes t

(Fi g. 1). The blank area has a value 0, and the dark region has the value 7.

This Image was degraded by replacing each point with the average of the 3*3

array containing the point In the center. The degraded image Is given in Fig. 2.

This degradation results in a sparse matrix , A, (64x64) containin g only

the values 0 and 1/9. On the border, this choi ce of a reflects the assumption

that the edge on the original image which lay outside the 8x8 array had the

value zero. The treatment of the degradation at the borders of the Image does

not affect the va lues of A considerab ly. However, the operation of the SVD

method is greatly affected for some unknown reason. Ev i dently, some difficu l ty

arises in the calculation of the singular va l ues. The matrix A which was given

ear l ie r , though, causes no problems in the operation of the SVD method.

The two methods were compared for diffe rent amounts of zero-mean additive

- -  
- 

- Gaussian noise. The degraded image plus noise that has a standard deviation

of a — O.i is shown in Fig. 3. The image restored by the SVD after 48 terms

-
~~ is given in Fig. 1 a. The projection algorithm result after 15 iteratIons Is

shown in Fig. 4b. This restoration Is about equiva lent to the SVD. The pro—

• jection algorithm can Include a priori information. If the image vector f

-- A~ &•~~~_~~~~~ C C  -• - -- -S-- - - :_tiIIi,rv--—--—
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Is restricted to posItIve va l ues after each IteratIon , the res tora t ion im proves

markedly (Fig. 4c,d). From Fi g. 1ia,b,c,d , it Is evident that the projection

algorithm with the positiv ity constraint yields a better restoration for this

level of noise.

In FI g. 5 a,b the noise is increased to a = 0.5. The best results from

each of the two methods is presented. The choice between the two Is difficult.

The projection method image i s  “cleaner”, but the SVD result is less “checkered” - -

in appearance. For the latter reason, the SVD Image is probably preferable.

The noise level In Fig. 6a,b Is a = 1.0. The two results are similar.

But the SVD result Is sligh tly better for the same reasons as stated for

Fig. 5. in Fig. 7a,b, both methods are near the lim it of performance at the

noise leve l of a = 1.5. The SVD Image is more cluttered , but perhaps is more

recogn i zable as a “5”.

The “error” between the original and restored images was recorded along
n

with the visual results. The error was cal culated as: Error ~ (f 1—f ,) ,1—1
where n — 64 for this case. it Is doubtfu l whether this error is a usefu l

quantity in the comparison of restored images. For example , in one Instance of

the projection method an Increase of l3~ occurred between the 25th and 70th

i terations . However, the restored image improved slightly at iteration 70.

So the Image wIth the least error (as calculated above) is not necessarily

• 

• the best.

The computer time required by the two methods was also observed. For this

problem the projection algorithm required 0.16 seconds for preliminary calcu-

C
- iatlons and 0.173 seconds for each iteration. The time required to generate

the pictures was not included , The SVD took about 9.0 seconds to read the

el genvectors and singular va l ues from magnetic tape. Only 0.08 seconds were

needed to generate the 48th term. However, about 60 seconds were needed to

~~IIl~ 4 ~~~~~~~~~~~~~~~~ -C- - ~~~~ _ _  ——  -~~~~ ~~~~~~~~~~~~~~~~~
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generate the 48th term. However , about 60 secs. were needed to generate the

el genvectors and singular val ues and store them on magnetic tape. Once the

el genvectors are genera ted, they can be used In the SVD restoration of any -

Image wh i ch was blurred by the same degradation . The major tIme requiremen t

for the SVD is the retrel val of the stored Information.
C 

C 
The projection algorithm is seen to yield better results than the SVD for

low noise levels. The SVD gives somewhat better restorations than the pro-

jection method as the additive noise IS increased. Once the elgenvectors are

stored, the SVD computer time is comparable to that required by the projection

method. It Is difficult to eval uate the computer efficIency of the SVD for -

-
~ this 8x8 pixe l prob l em. As the size Increases , the SVD im p l ementat ion becomes

much more difficUlt. The difficulty In the projection method, on the other

hand, depends more on the extent of the degrading system Impulse response.

V. Conclusions

The comparison between the singular va l ue decomposition and the projection

algorithm has yielded some mixed results. The projection algorithm has proven

to be an effective method of restoration. For the particular example presented

In this report, the projection method is definitely better than the SVD for low

noise levels. However, the higher l evels of additive noi se tend to reverse

this , and the SVD gives restored images whose appearance is subjectively better.

Even for th i s small  examp le, the computer time required to genera te the

el genvectors and singular values for the SVD is large. One of the advantages

of the projection algorithm IS that It can handle large Images much more

readily than the SVD. The projection method is also more versatile In that It -

can handle a priori information about the original image. Both methods rely -T

on a subjective determination of the number of terms or Iterations required to

give the best restoration.

L~~. _______________ ___________
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The next report will contain a one—dimensiona l prob lem for further corn—

parlson between these two methods.
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FOURIER DESCRIPTORS AND THEIR APPLICATION
TO AIRPLANE SHAPE ANALYSIS

T. Walla ce and P. A. Wln tz

In our previous two progress reports, we have discusse d the practical

• I Implementation of classification of shapes using Fourier descriptors. The
C 

bas i c opera tion s of sca l i n g , rotat ion , and changing the starting point of a

samp led contour have been dis cussed from the frequency domain v iewpo in t, fol—
I

fowlng the theoretical development of Gran l und tl]. The major difficulty en-

countered was normalizing these factors in a way which preserved all of the

shape Information In the space domain representation. It was shown that the

magnitude information Is more important than the phase Info rmation for bi-

laterally syn~netrIc contours such as the airplane outlines we have been working

U 
wi th recently. While simple magnitude normalization avoids the problems assoc—

iated with defining a unique orientation and starting point , some informatIon

• Is necessarily lost.

Some normalization schemes which have been proposed work In the absence

of noise , but give poor results when applied to real data. The simplest normal—

ization scheme Is to constrain frequency coefficients A(l) and A(2) to some

re fe rence phase, performing the two normalization operations to achieve this

resul t. For some data sets, th i s  method is less successfu l than tha t usin g

the magni tude informa ti on alon e, due to noise which perturbs the orien tation

and starting point resulting from normaliza tion . We have now developed a

C I  

method of FD normalization which preserves all of the shape information while

~ 
rejecting noi se successfully. In order to reject noi se, the coefficien ts used

L ~~~~~~~~~~~ in the procedure are chosen to have as large magnitudes as possible.

Firs t, we require the phases of the two largest coefficients to be zero. C

A(l) will always be the largest, wi th magni tude uni ty due to the scale

__________ -C- —f ~~ -
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normal izatlon procedure wh i ch defines that magnitude . Let the second largest

coefficient be A(k). (The frequencies of the coefficients produced by an FF7

of length n range from — (n/2) + I to (n/2)). The normalization mult ip li city

m of coefficien t A(k) Is defined as:

m Im— l i

Theorem: The requirement that A(l) and A(k) have zero phase angle can be sat— - ,

isfled by m differen t orientation/starting point combinations.

C PROOF : Use the two allowable operations to arrive at one orien tatIon and start—

Ing point wh i ch g i ves zero phase for A(1) and A(k). Next use the starting point

movement operation (multiplication of the Ith coefficient by exp(I . J . 7)) to
move the starting point once around the entire contour, To accomplish this I

must range from 0 to 2ir. Now consider the two cases k positive and k negative .

If k Is positive , the phase of A(l) and A(k) will coincide at k—I differen t

starting points, But at each of these starting points , we can use the orien-

tation operation (multiplication of each coefficient by exp ( j • je)) to reduce

the phases to zero, Similarly , if k is negative , the phases of A(l) and A(k)

4 
will coincide at I—k diffe rent starting points. Again , the orientation oper-

ation can reduce the phases to zero.

Note that if k=2, the orientation and starting point are defined uniquely .

In genera l , however, A(2) will not be the second largest coefficient in magn i-

t tude so this ambiguity must be resolved to achieve a general procedure.

The obvious method of solving this problem is to check the phase of a

third coefficient A(p) at each of the m possible orientation/starting point

combinations and choose the normalization which gives a phase closest to zero

for this coefficient. However , this ambiguity—resolvin g coefficient cannot

be chosen arbitrarily , If the normalization multIplicity of coefficient A(p)

Is the same as that of A(k), or a multiple of it , the phase of A(p) will be

L _______ 
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the same at each possible normaiization l if m for coefficient A(p) (denoted

m(p]) Is a factor of m (k], or a multI ple of a factor of m(k] less than m(k],

• there Is also ambiguity since some of the m possible normalizations will

result In Identical phases for A(p). If these ambiguous coefficients are

C 
removed from consi dera tion , an d the unam big uous coef f i c i en t wi th the lar gest

- ‘ magn i tude Is used to select one of the m allowable normalizations , a genera l

procedure Is obta ined.

• To briefly review the entire normalization procedure, we start by divid— -
•

in g each coefficient by the magnitude of A(l) to normalize the size of the

contour. We find the coefficien t of second largest magnitude and compute its

normalization mul tiplicity . We then locate the third largest coefficien t suit—

able for resolving the ambigui ty (A(p)) as explained above. The orientation

and starting point are adjusted to satisfy the restrictions that A(1) and A(k)

are real and positive , and A(p) has phase as close to zero as possible.

This method is quite powerful , but a slight modification in the procedure

has been foun d hel pful In those cases in wh i ch there are two or more coeff I-

d ents suitable for use as A(p) with almost the same magnitude. It is very

unlikely that the magnitudes will be identical , but If they are even close,

noise may cause one of them to be used to normalize the test FD, and the other

to normalize the unknown FD. To overcome this , the ambiguity—resolving co-

efficient used to normalize the test FD can be suppl I ed to the normalization

subroutine directly, rather than having the subroutine compute It.

~j j To investigate the classification accuracy using this method as opposed

to Just using the magnitudes , the exper i men t descri bed i n our las t p rog ress

report was performed both ways. Bri efly, the exper i men t invo l ved class i f y ing

20 aIrcraft contours quantized to a 64x64 grid using a test set consisting of

~~~ the same aircraft contours but quantized to a resolution of l 28x128. Using
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this method, the classIfIcatIon accuracy was lOOt for an absolute val ue distance

measure, and 95~ for a Eucl i dean dIstance measure , as reported previously.

Using only the magnitude Information , classification accuracy dropped to 95~

and 9O~ respectively.

The next step In this research involves using the BLOB algorithm to locate

the outlines of objects In actua l photographic data , then classif ying the

shapes using the Fourier Descriptor algorithm described above. The version of

BLOB that we are presently working wi th differs from earlier versions in that

It does not preferentially find outlines In any given direction . There is

hence very little dependency on the direction in wh i ch the picture was scanned ,

and no consistent fal se contours in any single direction .

The major prob l em in adapting BLOB to this application invo l ves the

statistica l assumptions used to classify pixe l groups as similar or diss imilar.

The original BLOB was developed to classif y multispectra l data , which was

assumed normally distributed. This assumption is generally ineffective in

dealing with ord i nary photographic data , and preliminary results reflect this

fact. More appropriate statistica l assumptions are under consideration In

order to Improve contour location accuracy.

h
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LOCATIN G AIRP ORTS IN LANDSAT IMA GERY

X.K. Dang and T.S. Huang

As mentioned in our report (Nov. 75 — Jan. 76) our concern is to separate

airports from highways. We specify our visual model of a runway as follows :

I. Spectral properties of runways and highways are very similar corres—

pondlng to concrete materials .

2. The sha pe of a runway is different from a highway. It is a strip with

the following properties :

a) Large width

b) Maxima l length

c) No curvature

3. Runways are not Isolated. They form special networks.

Using the syntactic approach we construct the separation algorithm based

on the first two properties of the runway model: (1) The spectra l properties
U 

of concrete which set the threshold for the possible candidate points of the 
- -

runway - highway complex and the shape of a runway wh i ch allows us to separate

it from a highway. We have tested our algorithm on a 128x128 picture of

IND IANAPOL I S where we can see WEIR COOK airport surrounded by highways and

freeways (FIg. 1). The result Is displayed in FIg. 2.

Details of this algorithm will be described In the next report. We are

pursuing our work to locate the runways using two techniques : (1) a spatial

frequency filter to remove all non—linear objects in Fi g. 2; (2) a higher

level syntactic algorithm to remove all non-runway objects in Fig 2
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FLIR IMAGERY TACTI CAL TARGET DETECTION AND CLASSIFICATION

0. R. Mitchell

This project is being carried out In cooperation with HoneywelPs System

and Research Div i s ion , Minn eapo l i s , Minn esota. Honeywel l has developed a real-

• time target cueing system, the Au toscreener, which is geared to the detection

of tactica l targets in a rural environment. Purdue has agreed to assist in

developing Improved techniques for this device to allow target detection in an

urban environment and target classification In both rural and urban environ—

men ts.

The present direction of our work Is to devel op algorithms for target

classification in a rura l environment. The lack of urban FLIR data containing

tactica l targets has led us to concentrate Initially on the rura l case. Our

overal l  goal is to au tomat i ca l l y rap i d ly c lass i f y objects Into vehicles and

non—vehicles and to further classify each category into several tactica l

classes (e.g. tank, APC , jeep, truck).

We plan to use statistica l , textural , and shape information In segmenting

a designated target into subparts. These subparts might include : motor hot

spot, wheels or tracks , body, w i n d s h i e l d , turret , etc. Classified subparts

would then be checked against a graninatica l description of des i red targets.

A more globa l clue which might be helpful in a rura l classification Is a

knowl edge of the terrain type as detected by a texture measure. For example ,

the shape constraints for a target in a heavily wooded area should be relaxed

somewhat since some parts of the object may be obscured by trees.

The Inclusion of urban environment targets will depend heavIly upon image

segmentation and background classification. The shape constraints or target

objects will allow partial target obstruct ion by other man—made objects.
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Moving objects may be detected by using mul-tiframe change detection.

These proposed techniques require use of existing segmentation , feature

ex tract ion , and syntactic algorithms ; the deve l opment of new methods due to

the unique character of FUR data ; and the implementation of this software

efficiently in a real—time system.

A data s~t has been selected for initial work. This consists of 25 digi—

tized 48Ox5~2 images, each containing one, two, or no targets. Sample tar—

gets are shown in Fig. 1. Some presently available algorithms have been ap- a 
-

plied to these i mages. For example, the texture edge algorithm (see report in

prior section ) produced the output shown in Figs. 2—4 and the statistica l con-

tour following algorithm produced the contour shown in Fig . 5.
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FACILIT I ES

QTY Manufacturer Description

3 Beehive Elect. “Super-Bee” Terminals

• 2 Tex. Inst. “SIlen t 700” Terminals

1 Digi—Data Industry standard magnetic tape system;
2, 9—track and I , 7—track drives; one each
NRZ I and phase—encoded formatters/controllers

1 DEC Dual— drIve DECtape unit

1 DEC RPO3 disk drive (40 million characters)

Fabritek 96K—word auxiliary memory system
(64K bought by ARPA, 32K by NASA)

1 Versatek Electrostatic inatiix printe r

I Cointa i Color p icture display

1 Data Prin ter 1 32 co l umn , 600 L.P.M. line printer

I True—Data Punched card reader

I Tektronix Model 4010, g.aphics display

1 DEC PDP—1l/k5 computer system; system includes:
32K memory
FPP-ll floating poInt processor (NSF money)
H960 extension mounting cabinet
3 - small peripheral mountings blocks (DO-il)

C 1 UNIBUS repeater/expander
DHl l , 16—l ine terminal multlplexo r
KWH-p programmed clock

H “ANTS” - type POP— I i/IMP interface

Note: Our PDP—l l/1e5 Is currently operating under the UNIX system.
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- MET1IC SYST~~1
- 

BASE UNITS: 
-

-

Quantity Jnit SI Symbol Formal.

length metre m
mass kilogram kg

- - time second $
alectric current ampere A
thermodynamic temperature kelvin K
amount of substance mole mol

• luminous intensity candela cd
SUP?L~~W~TA1Y UNITS:

plane angle radian rad
• solid angle steradian Sr •.•

DUJVW UNITS:
— 

- Acceleration metre per second squared .•• rn/s
— activity (of a radioactive source) disintegration per second (disintegratloilYs

angular scoeleration radian per second squared .•. tad/s
angular veloc ity radian per second .-. red/s
ares square metre .. m
densIty kilogram per cubic metre - . - kg/rn
electric capacitance farad F A-s/V
electrical conductance siemens S AN
electric field strength volt per metre V/m

— electric inductance henry H V.a/A
electric potential difference volt V W!A

-~ electric resistance ohm V/A
-: electromotive force volt V WIA

energy joule I N-rn
entropy joule per kelvin .-- JIK
force newton N kg-mis
frequency hertz Hz (cycteVs

.1! illuminance lux lx lm/m
luminance candela per square metre -- - cd/rn
luminous flux lumen Im cd-sr
magnetic field strength ampere per metre - - - A/m
magnet ic flux weber Wb V.s
magnetic flux density tesla I Wb/m
magnetomotive force ampere A •- -

power watt W u s
pressure pascal Pa N/rn
quantity of electricity coulomb C As
quantity of heat joule I Nm

C radiant intensity watt per steradisn Wisr
specific heat joule per kilogram-kelvin ---  I/kwK
stress pascal Pa N/rn

- 
thermal conduclivity wat t per metre-kelvin --- Wlm.K
velocity metre per second - - -  mis

-~ viscosity, dynamic pascal-second --- P~’5
1- ;  viscosity, kinematic square metre per second -- - mis

voltage volt V WIA
U volume cubic metre .- m

wavenumber reciprocal metre (wave)im
- 

work j oule I Nm

SIPl~~~~ES: —

- 
- _~~ iltipIication Factors Prefix SI Symbol

1 000 000 000 000 1fl’~ ten T
:~~~C

’ ~ i i ooo oo0 00o — 10’ C.
- - ~-~

_‘1 1 000 000 — I map M
-~ ‘_ i i o o o — i o ’  kilo k

- 4~ -~~
-
~~~~ 100 — 1O~ hecto h _ -

10 — 10’ deka~0 1 — 1 0 — ’  deci d
C 001 = coiWl .

- C - 0001 — t o ’  mliii m
I 0 000 001 — micro

~~~~~~~~ -:C
- 

~ 
- 0 000 0110001 - 10” neno fl

fl - - . f  C - 0.000 000 000 001 — b C - ”  P1Cm
- •~~~~~~~ C’ 0.000 000 000 000 001 — 1 0 ”  liunlo

~~ 0 000000 000 000 000 001 — 1 0 ’  •tt u

• To be avoided where possible
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MISSION
- of

Rcnne Air Development Center

- 

-‘ 
C ;

- 
RAX plans and conducts research , explora tory and advanced
development programs an command, control , and communications •

1 (C’3) activities, and in the C3 areas of inf orma ticrd sciences
-
, and intell.zg.nce. The principal technical mission areas

are conmtun.ications, electromagnetic guidance and control , I ~
surveillance of ground and aerosp ace objects, intelligence
da ta collection and handling, inf ozir~mtion system technology, -

ionospheric prop agation , solid state sciences , ricrOVaVe
physics and electronic reliabil ity, aainta if la bil .itb7 and

- - compatibility.
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